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TREATISE 
MECHAN ICKS: 


The 1 py os Effects uf 


PowERRS or Movixne Forces, as 


apply*d to Machines, demonſtr ated from 
its ada Principles, 


9 9 Done out of PRE NC — i 


8 int this TRAN s 1 Ar 10x are inſerted particu- 


whereby the Whole is more Compleat and 


| Univerſal, and particularly the Riſing and 
Falling of 
__ Glaſs xplain'd and accounted for. 


Philoſophers and Mathematicians. | 


By THOMAS WATTS, 


of the Accomptant's Office, for Quali 
ing Toung Gentlemen for Buſineſs. 5 
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lar References to the ſeveral Propoſitions |. 
| in EUCLID, on which the Demonſtrations |. 
| | are built: With conſiderable Additions, |. 
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INC E that gr 55 OH hen cian, as y great 
Friend, Mr. H UNE DI Tro x, wa the 
Perſon which recommended th Freatiſe of the famous 
RoRHAU Tr to be Tranſlated into Engliſn for the Pub- 
lick, I ſhall not need to add any farther e of 
my own in order to its Reception. ,, As to Adv. Warrtss 
part, none who have perys d his ſmall but excellent Eſſay 
on the Proper Method for forming the Man of 
Buſineſs, #1! doubt bit \AbiBties therein. The Mer bod 
bere taken of reducing the ſeveral Mechanick Powers to the 
Ballance and Lever is very ancient, 7-4 much followed 
by many very good Writers on that Sabje# ; tho my own 
inclination is rather to demonſtrate them everally q according 
to the diſtin Nature of the diſtin Powers.. However, 
the Concluſions being ſtill the ſame, this matter is not of 
great Conſequence, And it u Withal, very pleaſant and ſa- 
tafactory to ſee how, in Mathematicks, aud there atone, 
different Premiſes, come to the ſame C oneluſion.. 1 
therefore the Author all imaginable Succeſs in this and bis 
other Labors for the Benefit of the auth of theſe Kis 
whoſe Tight, and indeed whoſe Mathematical lube, 
tion is of fo great e to they own, and to the 
Publick * 
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Piece with Your Name 
is a Liberty I durſt not 
preſume to have taken, 
had not Your Candour and Hu- 
manity been as viſible to the 
World, as Your Peculiar Excel- 
lency in Your Profeſſion is bene- 


__ to Mankind. 
. 3: But 


n OS” i 
N S 


edication, 
0 80 Su PE Subject ele You | 
out for its Protector; for the Inge- 
nious Labours of the Dead cannot 
better be preſerv'd than under the 
Patronage of the moſt Eminent a- 
mong the Living: Nor M. Rohault 
in an Engliſb Dreſs better hope to 
ſucceed, "than when countenanc'd 
dy You, Sir, who ate ſo perfect 
4 Maſter of thoſe Principles He 
advances, and on which the mo- 
dern Diſcoveries in Philoſophy, 


and eſpecially in Anatomy, are 
founded. 


Beſides, Sir, that Health vc DT 


be ill employ 'd, which, under 
Govp, You, have more than 
once reſtor d, without ſome Te- 
ſtimony of Gtatitude. Where 
fore 1' humbly hope You will ac- 
cept this as ſuch,” being no more 
able to diſcharge my- Splipations 
on that Account, than to attempt 
that Bright and Univerſal Cha- 


Moda. 9220 racter 
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ou poſſeſs. 8 
cere Acknowledgment of he; one, 


and with a due Admiration of the 
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E following Tranſlation was be- 
| JL gre af the Inſtance and Deſire f 
Humphry Ditton; who not find- 4 
ing any thing in Engliſh that 


might be an Ky. Bev proper Introduction to this 
Part of the Mathematicks, propos d ibe Tranſla- 


wards. in bi- Mathematical - School at 
Chriſt';-Church-Hoſpical. Upon that Gen- 
tleman's unhappy Death the Deſign was wholly 
laid afide for ſome Time, till at laſt obſerving 
that ſome competent Underſtanding of Mecha- 
nicks was not altogether foreign to the Deſign I 
then was forming, and have lately enter d upon, 
of Qualifying Young Gentlemen, &c. (as 


may be ſeen at large in my Eſſay upon that Sub- 


Jett) and finding theſe Papers already brought to 
ſome Degree of Peer du by my Friend, who 


undertook the Tranſlation at Mr. Ditton's Re. 


queſt, and was ſo kind as to put em into my 
Hands, I thought proper to Reviſe and finiſh*em, 


and immediately commit 'em to the Preſs ; nat 
only for rhe Uſe 

cularly for my own Uſe, and the Uſe of thoſe 
Gentlemen that are or ſhall be under my Care; 
among whom I intend to read this Book both as 


an 


of the Publick, but more 2 | 


\ 


7 Thee RF AO 
dn eaſy Introduction to a thorough Underſtanding 
_ of Mechanicks, and alſo as a kind of Praxis 
pon Euclid's Elements, excerciſing the Learn- 
er in the Uſe and proper Manner of prying thoſe 
Propoſit ions which by themſelves appear ſo dry and 
. unentertaining to Beginners, and are for that Rea- 
* ſon ſo difficult both to underſtand and member: 
To this End I have added in the Tra#ſlttion the 
References to the Propoſitions in Euclid upon | 
_ which the Demonſtrations are built; and hade 
alſo printed the Propoſitions themſelves at the End 
of the Book, both far my own and the Learner's | 
Eaſe in turning to tben. 
It would be ſuperfluous to ſpend Time in 4 
Recommendation of the Study of Mechanicks, 
it being -undenjably evident, that there is nothing 
in Art or Nature but what is founded upon theſe 
very Principles, to which both common Life 
and ſound Philoſophy are equally beholden. 
As to this Treatiſe in particular, which was 
printed in French amongſt the - Poſthumous 
Works of Monſieur Rohault, it is not only ex- 
- ceeding clear and perſpicuous, and eaſy to be un- 
A; by Learners, as every Introduction ought 
to be, but is alſo ſolid and [ufbaial and goes 
to the wery Bottom of Things, beginning with 
the moſt common. and ordinary Phænomena of 
Nature, and from thence by Degrees leading us 
on to the mo uſeft ul and important Diſcoveries, 
If ſome of the Demonſtrations are not. ſo ſhort as 
they might be, that is owing partly to the Au- 
thor's Sf aining altogether from Algebraical 
 Charatters, and ext 
length, and partly becauſe it was neceſſary to the 
Proſecution of the Deſign be ſeems to have pro- 
pos'd to himſelf, of following the Maxims men- 


tion d 


expreſſing himſelf in Words at 


The PREFACE. 


tion'd by Ariſtotle towards the Be inning of bis 
Mechanical Queſtions, 7bat all Mechani- 
cal Powers may be reduc d to the Ballance 
and Lever. hes 
J n the Length of ſigma of the Demon. 
Prarie is abundantly recompens'd by the Eaſi- 
neſs of all : Aud by This Means alſo the whole 
Work is render d more ſurpr urprizing and entertain- 
ing when we. obſerve that there is nothing in it 
pm what is 9 deduc d From that * 
; ro which you a in The. N 
ation. 
2 2 our uber] in FTA Defnition of 8 
an Expreſſion or two beſides, { ems to refer to 
** Carteſian Philoſophy, non eſervedly explo- 
ded; 27 it is lone in ſuch, a Manner, as does 
by the leaſt affect the Demonſtrations, which Wil 
2 2 ue, batſoever H e we follow 
This . was Bas Bs | foarmenty. turn d into 
Latin, but only printed at the End of Rohault's 
-Phyſicks, tranſlated into that Language, a ag 
nom not much eſteem d, ſince the Pub cation. of 
an excellent Verſion of the ſame Treatiſe of Phy- 
ticks, with Annotations, by the Reverend Dr. 
Clark. Jr was reaſonable therefore, that ſo eu- 
ious @ Syſtem of Mechanicks ſhould no longer 
lie bid _—_ it was likely to continue ſo, 2 
ſhould be made to appear in Publick by its ſelf, 
and that (to render it more generally uſe ju in 
"6 Engliſh Dreſs.. TO 
*:52 Beſh . the many Errors and Defelts in the 


Latin V erſion made it neceſſary to give it a new 
Tranſlation, For not to mention the Confuſion 
* ty: be Referees to the Schemes, which are here 
ISAS e fan amended ; 


n Dt * * — 
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The PAEFACE 
amended; the omitting ſome” Letters in the 
Schemes and miſplacing of others, which are her 
ſupplied and ſet right; the erronivas drawing o 
ſeveral Lines, which are bere refify*d aceordii 
to the Figures in the French Edition, and the 
Intent of the Author: There are alſo man Faults 
in. the Trayſlation it ſelf of "muth greuter Conſe- 
quence, To give an Inſtance or two: In Schol. 


4. F Prop. 18. the Tranſlator omits ont principal 


Circumſtance in the Suppoſit ion, Remarquez 
auſſi (ay: Morfiewr Rohault) que fi 14 Puiſ- 
ſance que s applique en P, etoir un homme 
que ne tinſt à la Terre que par la Peſan- 
teur, &. that it, Obſerve farther, that if 
the Power applied at P were a Man faſt: 
en'd to the Earth only by His on Gra- 
vity, & c. But the Tranſlator ſays, Hic etiam 
notandum eſt; quod fi quis hærens in Ter- 
ram vices Potentiæ in P, appoſitæ ageret, 
Cc. taking no notice of the Words que par fa 
Pefanteur, upon which the Streſs of the whole 
Matter lies. In Prop. 9. Schol. 2. the Latin 
gives us a Senſe directly contrary to tbe Author's 
2 ; the laſt Paragraph of that Scholium 
in the French begins thus, Mais cependant, 


il s'en faut encore quelque peu q'on ne 


parvienue per- la à une juſte Preciſion; that 
75, But yet even by this Means they can 
never come exactly to the true Weight by 
ſome ſmall matter of Difference: But in 


tube Latin tis thus, Verum multum abeſt ut 


accuratum Pondus hac via invenias, hen 
it -ought' to have eee e it wo 
aberit, Cc. Bus in the 24 Schol: of Prop. 4. 
The Tranſlator is altogether unintelligible 5 the 


loſt Paragraph of that Scholium begins thus, 


Ohio 


rr Cc 


be P R E EA CE. | 


Que. ſi pourtant quelqu un ſouhaitoit de 
voir par experience ce que arriveroit, en 
de Direction ſut ſenſible, comme il le 
pourroit ètre, ſi la Balance etoit fott pro- 
che du Centre de la Terre, il n' aurcit qu 
appliquer la Balance A CB contre une mu- 
raille perpendiculaire a. F Horizon, enſort 
que le Fleau fut parallele à cette Mu- 
raille, & c. that is, However, if any one is 
deſirous to ſee by Experience what would 
happen in Caſe the Angle made by the 
Lines of Direction, were of any ſenſible 
Bigneſs, as it would be if the Ballanee were 
very near to the Center of the Earth, he 
need only apply the Ballance ACB againſt 
a Wall perpendicular to the Horizon, fo 
that Beam of the Ballance be plac'd paral- 
lel to the Wall, & c. Si quis tamen (ſays 
aur, Tranſlator). Experientia noſte cu; 
utrum anguli Linearum Directions” facis 
apertt fine, 6 Libra a Centro Terræ non 
multum diſtet; contra Murum Horizonti 
e altelr libram appanat ita ut 
Muro Parallela ſunt Libra & Scapus. 
But not to detain the Reader any longer: 1 
ſhall only inform him farther, That the Propoſe- 
tions in Euclid are referr'd to thus (by 1: 32) 
that is, by the 32d Propoſition of the firſt 
Book; ard that two Figures in a Parentheſit, 
with a Point between em, as thus (9.5) ſignify 
Nine and five Tenths ; and that the  Addi-. 
tions ſhould have been inſerted in à different 
Character in the Body of the Book, but that 
they were not ready till it was too late, 7 
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conclude, ſhould there notwithſtanding all the 


to ſpare fr 


hat frequent — muſt accumpan 7 


The PREFACE. 
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Care hai been taken be ſome Errata ound ! in 
the Book, which we are perſi uaded are not ma- 


ny, or of any great Conſequence, it is bop'd the 
m7, 0 a gr have the Goodneſs 2 pardon em, 


when they reflect what little Time 7 can have 


om my daily Employme 


thoſe Moments. | 
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Per 143, Line 6. for, — * 8 Line « MEN, 
T. read, exaF#ly on the Line FN. 


Page 144, Line 7. for, its abſolute. Grovity G. 2 
Its abſolute Gravity. And Line 10. for, che Baſe . 


read, the Baſe. 


Page 149, Line 17 for, But LH and 1 5 red Bur 
LH and Fg." VA Of $40 
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E Abſelute Gravity of 2 Bo- Abgluts 
dy contained in a fluid Me- Gravity. 
dium, is the Force by which | 


\ vi DV” that Body tends to a De- 


— ſſcent, when it is looſe anßd 
touches only the Parts of the Fluid. 
Thus the Abſolute Gravity of a Stone in 

the Air, is the Force by which it tends to 

a Deſcent when it is looſe and touches 
only the Particles of the Air. 

2. The Relative Gravity of a Body is the Relative 
Force by which it tends to deſcend. and Gravity. 
move, when it touches ſomething elſe be- 
ſides the Parts of the Medium in which it 


18. 1 % a | 
; B. 2 48 a ; 4 Thus 
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and moves upon the Plane. 


| g Center of 3: The Center of Magnitude of a Body is 


Magai- that Point which is a& much as poſſible e- 
rude, qual y diſtant from its Extremities  _ 
Center of 4. The Cemer bf Motion of $ Bod, of the 
Motion. fx'4Point, is a Poitit upon which that Body 
= may = and * which i * 
cof 5. The Center of Gravity of a Body is a 
Cavity, Point round about which the Parts of that 
m#hnef , chat if it be fuſtain'd by that 
ont, in any Situation wharſoever, the 
Parts which are on one fide have neither 
inore nof leſs Force than the Parts which 
are on the other; ſo that they all remain 
in Equilibrio, and mutually hinder each o- 


ther "om deſcending. I 
56. That by which a Body may be ſul 
n 
vanticy - 7. The Quastity ef 4 Power is 
Ont by the Quantity of the Gravity 
dy upon which it acts, whether it ſuſtains 
at enly, or whether it puſhes or draws it in 

the Lane wherein it tends to deſcennd. 
Fig. i, © Tus if the Body A tends to deſtend 
in the Line BC, with a Force of ten Pounds, 
the Foree which hinders its Beſcent, whe- 
ther by ſuſtaining it barely, or whether by 
peſhbing or drawing it from C towards B, is 
called a Pinver of te Pꝛuadi; Whenee it fol- 
lows, that one Power is double or triple. of 
atether Power, when it ſuſtains or lifts 
| twice 


to be number d; bec: ſe they may, be 


compos d d of the Simple 7 put to- 
gether in an e 


of Direction 


chine to which the Power or Weight is 


fects of Powers or moving Forces, ſo far nicks. 


* i of pb. | | * 
125 or” thrice" 46 wück us that orher 


*: That by the Help ot f Whith a Body A N. 
s Either mor a, or hundred from moving, hin. 


5 call A Machine, 
Mac ines are of thro forts, Simple or 


Of ry 7 Machines there are commonly 
2 namely, 1 E Ballanct, the Le- 
the 5. ly, the Yheol and Axel-rree, the 


Wits ge. and che 1 to 11 5 may be 


add + the inclin d Plaue: 25 Certain, 


that by means of the 15 in 


ne, ve 
heavy Bodies may be lifted, which Ps 
| not be pore without it, 


As fot © omp( und Machines, they fre not 


ariet 
9. The Application ora We b or A Pow- 1 
er to a Lever, is ghe Angle which the Line tion. 
that | 


eight or Power 
makes with the Lever. 


10. The Diftance of a Power or Weight, Dice, 
is the Diſtance from that Place of the Ma- 


applied to the Center of Motion. 
IT. Aechanicks is the Science of the Ef. Mech. 


forth as they are applied to Machines. 


Scnorlux. 
As in Geometry, the a 


concerning Lines and 5 prefuppots 
that the Things themſelves OS 
the ſame as we conceive em to be; 10 60 in 


B 2 like 
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like manner that which is propos d in Me- 
chanicks concerning Simple or Compound 
Machines, muſt be underſtgod of ſuch 
Machines as have all that Exactneſs and 
Perfection which che Mind afctibes to 
'em. When therefore hereafter .we Hall 
ſpeak of a Ballance, it muſt be imagin'd 


4. De, Line perfectly ſtraight, Without 


Gravity, inflexible; and the Pin which 
ſupports it to be the End of another Line 
equally ſtraight, inflexible; and without 
Gravity, which Croſſes the former at right 
Angles. So when we ſpeak of a Pully, it 
muſt be conceiv'd exactly round, and the 
Axis without thickneſs as well as the 


| Ropes, which we muſt alſo look upon 48 


extreamly ſupple and pliable; and ſo of 
the reft. . And tho there are indeed no 


ſuch Machines which have all the Per- 


fection that is here ſuppos d, yet they are 
no otherwiſe to be eſteem'd defective, 
than as we find them by Experienee to 


» 


„ Por LATE - 

1. That heavy Bodies tend to the Cen- 
ter' of the Earth by ſtraight Lines, which 
may, be taken for Parallels. hw 


1 t 


2. A Power applied at right Angles, 1s 


capable of producing a greater Effect than 
if it were applied at oblique Angles. 


For Example, Suppoſe AB to be aLe- | 


ver whole fix d Point is C, and the Point 


B the Place where the Power is applied: 
Ie is eaſy to perceive, that if BD perpen- 
Rar ee in * ee dicular 


ot 
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Eldar to tlie Lever be the Line of Di- 


rection of that Power, it will be able to 
ſuſtain or lift ya greater Weight applied ar 
, than if it acted by one of che Lines 
BE or BE, Which make FOB Ep 
wich the Lever. cc. 
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Ax. x. Ia — Bodies ird are TY 
lar and Homogeneous (that is, which have all 
their Parts equally heav Y and placd Ho- 

rizontally, the Center. of Magnitude! 1 
the Center of Gravity. | 

Thus if the Point C is the Center of Fig. 3. 
Mag nitude of che Beam AB, which we 
ſuppoſe of an equal Thickneſs, and equally 
57555 throughout, and plac d Horizontal- 

778 that the Length AB! is parallel to 
5 Surface of the Earth, this ſame Point 
C is alſo the Center of Gravity. 
Ax. 2. The different Gravities of Ho- 
mogeneous Bodies are one to another in 
Proportion to their Bulks. 

For Example, If a Cubick Tach of Lead 
weigh one Pound, twice that Magnicade / 
wilt weigh two Pounds. 

Ax. 3. That which ſuſtains any one Point 

of a heavy Body, ſuſtains alſo all the o- 

ther Points which, are in the right Ling 

which. paſſes thro that Point and thro' the 

| Center of the Earth. 

- & © Thus if the Line AB which paſſes thro hy 

3 the Body Q, being continued, were to pas 
1 thro' the Center of the Earth, the Power 

„ P Vbich ſhall ſuſtain — 
| J R 
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B, tha ale ſultan » Ml rhe. oder Pa 
which a? in Bi eee 
Genes A 7 


From lainly follows, 15 ie 
the en From henes KN of the Bad FL 
in the Line AB, the Body being! ſupport- 
ed by the Point A or the Point B, would 
remain a and in I .. 


Conor l. II. 


It bern alſo, from dhe Tn that if he 
Center of Gravity be not 

Line AB which paſſes thro' rhe 1 Shel 15 
the Earth, and the Body bs ſuſtain d by 
one of the Paints of my Line, as A. or By 
the Body will mop "9. Was on the 
fide. where the Center of Gravity 
hapf ens to ns For if theo P the a 
of Gravity, the Line GDH be drawn tend- 
ing to the Center Af TY Earth, it is evi- 
end hat 51 9 Gf bas as much Force 
eo 


the 275 6 ut che Tart 
AEB 1 Bare Qres tage Ct hn 


fore it has alſo more than G FH. 200 4e. 

e be Power which 
*. 4 & Weig t orf awer w 

- puſhes A. * g cextain Point, puſhes or 
1521 Dt die. en . are 0 * 


ue er 3 at 10 1 M. N 
7 1 q . qwer will puſh dra 
e ſame mænnet all the ober Points 
thar are Uh Fans Wer Al a bie 
Co RO. 


not be at all cha 
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Therefore the Effect of this Power will 
4, if days hanging 
the Line of Dired ion we only p * 10 
fome other Point of the ſame I. 
Thus for Inſtance, If we fopnofe that Fg. 7- 
the Plane ABCD tending to turn about | 
the fix d Point E by reaſon of the Wei 
F which han gs upon the Point G, — bin. 
der'd from turning g by, the Power a 3 
at H with the Line of Direction HI; 
Plane will alſo be kept from gn 
the fame Power applied in any Point * 
the Line HI whatſoever. | 


ScnoLtiun 


This beir L true, the Effect of 
A Power app „ Angles may be 
determined with almoſt the ſame eaſe, 2s 
the Effect of a Power applied at right An- 
gles. For in order to this, we need only 
change the farmer Plage of the Power,and 
| apply it to that Point of the Line ale Di- 

ion upon which a Perpendicular fr —.— 
_ the fix d Point falls; and then take chat 
Perpendicular for the Diſtance ot the 


Power, | | 
he Power at Fig. 7» | 


Thus inſtead 50 
che Point H, and taking the Tone BH for 
its Diſtance; we are to congeve it at the 
Point L, where the Line EL falls p 
dicular to the Line of. Pirection and 
— 9 * Perpendicular EI. for che 


. 1 


Fig. 8, 


Frs. 
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Ax. 5. If a Power having its Line of Di- 
rection in a Plane, tends to make that Plane 
move about a fix d Point, all the Parts of the 


Plane will receiye the Impreſſion of that 


Power in ſuch manner, that all thoſe Parts 
which lie in the Circumference of a Circle 
whole Center is the fix'd Point, will tend 
to move about that Point with an equal 
o 3 7 A ner ie ad 
For Example, Let us ſuppoſe a Power 
applied to the Point A in the Plane 
BC DE, and its Line of Direction AD, 
and that the Power tends to move the 
Plane about the fix d Point F: This being 
ſuppos d, it is manifeſt that all the Points 
of the Circumference AGH, whoſe Center 
is F, are diſpos'd to move round about this 
Point with an equal Force. The ſame is 


strue of all the Points which are in the 


Circumference ILM, and ſo of all thoſe 
which are in all the other Circumferences 
which can be imagin'd about the Cen- 
_— Corortany. 
The Effect therefore of any Power will 
not be in the leaſt chang'd, if inſtead of 
applying it to a certain Point of the Cir- 
cumference of a Circle which is movable 
about its own Center, it be apply d to any 
other Point of the ſame Circle. 
As for Example, If the Circle ABC, 
_ which muſt be conceiv'd perpendicular to 
-the Horizon, is movable about its own 
Center E ; and if a Power applied in A 
with irs Line of PircRion in thy Tangope 
| K-21 1 


* 
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AF, ſuſtains the' Weight K which hangs 
from the Point C of ;x Cireutnference ; : 
this ſame Power will ſuſtain alſo the fame 
Weight R 7 apply d in B, provided 
that the Line of ebe nn | 
et Fac bn WOT Sch toilet o 
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SIS: {3 3h oe 2 is 


Sc C 1 W 1 1 > Yarn 


ha 7 3 i NGUET: 1A) O nm Nag am 


That Which! aper find code Hugo = - 
eontinu'd Circle, will be found true Alle | 
of a Circle bowfdeter inte rrüpted, PE 
ded only that the Parts remai 158 = 
continue to be ſome ways unite 

other, and are ſo inflexible, that Bis n- 
not move withour moving the reſt, the -4 
would do if the Circle were intire. 

Thus, Conceiving the Circle ABCD' to 
by cut away, ſo that the remaining Parts, 
which form as it were ſo many equal Radi 

fd in the ſame Nave, are altogethet in- 
flexible: If we ſuppoſe chat 4 Power aß. 
plied to the Exervemily of onè of theſe Re- 
di; EA, is ſufficient” to ſuſtain the Weight 
K, which hangs at the End of another Ro 
Ain, EC ; this ſame Power applied to the 

End of 2 an other Radius, ſhall be Rill ſuf- 
ficient to ſuſtain it, provided only that it 

be applied in the ſame manner; that is to 
ſay, if in the firſt Application at the Point 
A, the Line of Direction was the Tangent 
'AF; that then in any other Application 
at one of the Points B, C or D, in like 
manner the Line of Direction be Ons: of 
the ** BG, CH or DI. 


| $enoz, 


* TC * 


_ 


Fig. 10, 
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| — eonſidertag the riet iges 
| will be very evident, That be hgh 
l Radii to which the Power and the ihe 
| are applied, all the reſt are uſeleſs, and 
f may be intirely taken away without mak- 


1 1 . any manner of Alteration in the Effet 


of che Power, Thus, by raking quite a- 
* why STATY | thiog ah 6 uſsleſs in this Ma- 
e 

Y ons ri ne, like 
heh is gre repreſented. A E C, 
| | 8p. the Power is ſuppos d at B. no- 
|| Fs. 12. thing will remain but BEC, which may be 
1 taken ſpr a crooked Lever ; by the help of 
which the Power will be able to produce 
che. ame Effect 85 with che foregoing. - 
the Power is ſuppos d at D, 
Fig. 13. only DEC will be left, which is a ecooked 

Lever of another Faſhion-; by the kelp of 

1 the ſams Power will be able to pro- 

= * fame Een s wick the two o- 

a pi WA 6. 2 Bere. 15 to a Machine 

a L e ſuſtais a Weighs, and 

= 08 19 litele Force mare to the 

Fe Exe! ix l de alle borh to ſuſtain and 
moe chat Weight. 

A. 7: If the Greviey : which is diffus d 
850 al che Parts of + Body, is able to move 
int Body ; being all united in the Centre 
of Gravity of chat Body, ir will be able co 
move it as before. 1 

Us 


Hg. 11. 
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1 this Axiom we conclude, ad if 


2 Body, 35 ABC, ee * 15. 


certain Effeck, fing for inft 
that it has a Gravity of ten Pounds 
fus thr ies Parts; this fame Bowy 
will gill . of the ſame Effect, 
we ſuppoſe all this Gravit 54s bs N 
and in its ftead a Weight oY ten Pounds, 
anging 
ter of Gig of this Body 
1 whole Graviey te the C 


Gpxoiidnr: U. 


we conclude alſa, chat if a . be⸗ 
dy, as ABC; is able to prope 2 eertaig 
Effect when it is withoge Gravity, _ 
has a Weight of ten Pounds 
its Center, this ſame' Poly 
_ duce the Gems Effe&, if 2 

Weight, che Grayiey ; of ten Pounds be &. 
Aributed "Bow N e 3 . 
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if two Weights applied to the” End: of 4 


Horizontal Ballance are in reciprocal 
Proportion of rheir Di fantes, they will 


e Equilibrio. 


Kg. 16, 


both ways, till A 


ET. the Weights D and E, FOE; are 
applied to the Ends of an Horizontal 
Ballance, Ah, be in reciprocal Proportion 
of their Diſtances BC and AC; that is, 
chat D be to E, as BC to AC. This ſup- 


Pos d, If ay that they: are in Equilibrio To 


prove this 
„Ent the Line AB in the point E, ſo 


that AF be equal to BC, and conſequently 


FB to AC: then having continu'd AB 
G1 be Feil to AF, and 
BH to BF, i 


And. Ance moreover AB is to EB. as: NE 


double of the former GF. is to the double 
of the latter FH (by 5: 15) it follows that 
the Weight D is co the Weight E as GF to 
FH : and therefore, alternately, the Gra- 
vity of D is to the Magnitude GP, as the 
94005 of E is to the Magnitude FH (by 
16); ſo that the whole Gravity of che 
Weight D and E, which is attributed Gp 


A. Treatiſe, of Mechanics. 
GF and FH, renders the whole Magnitude 
GH equally heavy,..in all its Parts; which 
therefore is to be taken for a regular ho- 
mogeneous Body. Moreover, ſince GA. 


is equal to AF, or to its Equal BC; and 


AC is equal to FB, or to bits Equal BH; 
it follows that if to equal Magnitudes 
GA, CB, be added equal Magnitudes AC, 
BH, the Sums GC, CH, will be equal; 
therefore the Point C, which divides GH 
into two equal Parts, is the Center of 
Magnitude : And fince this Magnitude is 
regular and homogeneous, the ſame Point 
is alſo the Center of Gravity by the firſt 


Axiom. So that it is about this Point C 
that the Magnitude G H continues in 


Equilibrio. But by the firft Corollary of 
the ſeventh Axiom, Weights which hang 


upon Centers of Gravity, act upon Bodies 
as their own Gravity, or as that which is 
aſcrib'd to em, would do; | Wherefore ta- 


king away from the Magnitudes GF, FH, 
that Gravity which we have affign'd to 
'em, and upon their Centers hanging the 


Weights D, E, as we ſuppoſed*em at firſt 


to hang, theſe Weights will be in Equili- 
brio. Therefore if two Weighst applied to 
the Ends of an Horizontal Ballance are in 
Reciprocal Proportion of their Diſtances, 
they will be in Equilibrio. EDP. 
 CoroLLaRy. 

From hence it evidently follows, that if 
che Weights D and E are equal, and the 
| Diſtances BC and AC equal alſo, the. 

Weights will continue in Equilibrio, 
FF 110, SE YO OT PROP. 
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Al the Ralante will inline on the fidt 


Fig. 17 Li the two Weights D and E be ap- 


Weight 
of the 
'and b 


8 


i MANO 


j x : 
: : * 2 F * 1 x { A 12 ” + 
; : 2 ; * 2 2 F » 1 , . N $4 4 
F 4 ? : *. .* ” 2 5 5 


F two Weights are applied to the Ends of 
1 Horidbatal Ballante, und the Ratio 
- of the Firſt ro the Serum is promer 
. thaw the Ratio of the Diftante of the 
Wind to the Diſtante of the . itft 3 
thoſe Weights will not be in Equilibrio, 


* 


plled to the Ends of the Horizont 


Fallande AB, whoſe fixt Point is &; and 
let ehe Ratio of the Weight Dto the Weight 
be greater thin the Ratio of the Diſtance 
& to the Diſtance AC 41. ay, the Bal- 


lance will full on the fide of the Weight D. 


To prove this, Conceive the Weight F uv 
be in proportion to the Weight E as the 


Diſtatice BC to the Diſtanes AC. Now 
ns this Ratio df the Diſtances is leſs than 


that of the Weight D to the Weight E; ic 
follows N : 13) that the Ratio of the 


- 


F to the Weight E is leſs than that 
Weight D to the ſame Weight E; 
nd by Conſequence (from 5: 19) the 
Weight F is leſs than the Weight D. But 


ſince as the Weight F to the Weight E, fo 
is BG to AC: If the Weight F be pg in 
the Place of the Weight P, it will fu 
the Weight E, by the 1ſt Prop. leavitig 
therefore the Weight D, which is heavier 
than F, it follows by the 6th Axiom, that 


ſtain 


the 


che Baltance muſt inline on the ſide of 


the Weight D. Therefote, F two Weighti; 
Contor agr. 
From ei fee it may baſily be 
gather d, That if rwo Weights applied to 
the Exttemities of a Ballance are in Equi= 


procal Proportion of their Diſtansss. Fot 
ottiefwiſe; acbording to this Propoſition, 
the Ballance muſt fall or incline oh the ſide 
of chat Weight which has the greateſt R4- 


- 


4 pg ot ot. 


V two Weights applied to the Ends of « 


Ballance, inclin'd to the Horizon, are 
| in Retiprotal Proportion of their Di. 
; flantes, thiy will remain in Equilibrio. 


librib, they. will be to efith other iri-Reci- 


* . = 
* 


F * us ee that the weights D Rg. 18. 
1 


4. and E, which are applied to the Ends 
of the Ballance AB inclin'd to the Hori- 
zon, are to each other in Reciprocal Pro- 
portion of their Diſtances; that is to ſay, 
that as D is to E, ſo is BC to AC: I ſay 
thoſe Weights will remain in Equilibrio. To 
gore this, Conceive a Plane perpendicu- 

lar to the Horizon paſſing thro the Bal- 
Lince AB, and in this Plane the Horizon- 
tal Litic FG paſling thro' the Point C; 
chen continue the Lines AD, BE, till they 
meet the Line FG at the Points F — 

ITS bis 
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This Conſtruction being ſuppos d: Sines 
the Line FG is Horizontal, it follows, that 
it is perpendicular both to DF and BG 
(which are taken for Parallels by the firſt 
Poſtulate, being the Lines of Direction - 
of the Weights D and E towards the Cen- 
ter of the Earth) and by Conſequence that 
theſe Weights preſs perpendicularly upon 
the Points F and G of the Horizontal Bal- 
lace .. „ to eee 
Again, Since the Vertical Angles FCA 
- and GCB are equal (by 1: 15.) and the 
Alternate Angles FAC and GBC are equal 
(by x: 29.) it follows, that the Triangles 
ACE and GBC are ſimilar. And there- 
fore (by 6: 4.) as GC is to FC, ſo is BC 
to AC. But BC is to AC, as D to E. 
Therefore as GC is to FC, ſo is the Weight 
D co the Weight E. By Conſequence, 
from Prop. r. theſe Weights muſt continue 
in Equilibrio upon the Ballance FG; but b 
the Coroll. of the Ath Axiom the: Weights D 
and E act upon the inclin'd Ballance AB, 
juſt in the ſame manner as they do upon 
the Horizontal Ballance FG; therefore 
they will remain alſo in Equilibrio upon the 
Ballance AB. And therefore, If two Weights, 
&c. 4 QED. 55 N 
COROLLARY. | 
From this Propoſition it evidently fol- 
lows, That the Point C, which divides the 
Ballance AB in two ſuch Parts as are in 
Reciprocal Proportion of the Weights | 
hanging at the Ends, is the common Cen- 
ter of Gravity of thoſe Weights: . . 
T Scuo- 
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Here you are to 9 ſerve,, that the 


I. 


85 ruth of all this depends entirely upon the 


8 7 7 


the. Lines of Direction of Weights are Pa- 


rallel: For the, Proof of the Similicude of 


the Triangles ACE and GBC is built up- 
n that Suppoſition. But then, as theſe 
Lines of Direction are Parallel only by 
Suppoſition and not in Reality; it remains 
to be determin d. where the Center of 
Gravity of the Ballance AB will fall, when 
we conſidet the Lines of Direction of the 
Weights D and E as eonverging to the 
Cenes of.the Barth. : Eat, 
Guido Ubaldus conſiders this Difficulty in a 
Ballance having at the Ends equal Weights 
at equal Diſtances ; and pretends that the 
Point which divides the Ballance in two 
equal Parts is the Center of Gravity in any 
Situation of the Ballance whatſoever, Be- 
cauſe, ſays he, a heavy Body can have but 
one Center of Gravity; and if the Point 
which divides the Ballance in two equal 
arts were not the Center of Gravity, it 
wou'd follow that the ſame Body might 
have ſeveral Centers of Gravicy. | 
But what this Author ſays proves no- 
thing, For, he ſuppoſes che very thing in 


* 


Que ion, Viz, That a heavy Body can | 


have only one Center of Gravity. 
Tartaglia accuſes Guido Ubaldus of a Miſ- 
take; and maintains that a Ballance, as 


AB, having equal Weights at the Ends of Bz. tg. 


it, drawing at equal Diſtances, AC, BC, 
V 9 Wie- 


. 


uppoſition made in the firſt Poſtulate; that 
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Force to deſce t | 
it moves is more ſteep or ſhelviflg ; and 


whether the Lines of Dire&ivn of theſe 
Weights are Parallel, or whether they 
converge to the Center of the Earch, im 

indeed continue in Equilibrio if it be plac d 


Parallel to the Horizon; but that if one 


Arm be inclin'd, ſuppoſe AB, the inclin'd 
Arm, inſtead of reſting in that Poſition, 
willaſcend again till the Ballance becomes 
pin to the Horizon. And the Reaſon 
he gives is this; becauſe the Weights be⸗ 

Ing ſtill applied to the Ballance, cannot 
move without deſcribing the Circumfe- 
rence of à Circle. Now the ſeveral Parts 


ot this Circumference which the Weights 
tend to deſcribe, he conſiders as inelin'd 


Planes. Thus the Arch DG, which the 


Weight D tends to deſcribe by its Deſcent, 
" Paſſes with this Author for an indlin'd 


Plane ; and likewiſe the Arch EB, which 


the Weight E tends to deſcribe, according 


to him, is another inclin'd Plane. An 
1 Body has ſo much the more 
cend, as the Plane upon which 


alſo the Declivity of the Arch EB ig 


33 than that of the Arch DG, it fo 


ows, ſays he, that the Weight E muſt 
deſcend, and force the Weight G up 


But to ſhew the Fallacy of this Reaſon- 


#45 toes #45 
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ſo to do by a Plane that has leſs Decliviey 


than the other Plane. Now the Weight 
E is determin'd to aſcend by the Plane 
EF, which has leſs Declivity than the 
Plane DA, by which the Weight D js de- 
termin'd to aſcend, and therefore the 
Weight E muſt aſcend, and the Weight 
D deſcend. b ! 
The Defect of both theſe Arguments 
ariſes from hence, that in both of em we 
conſider only the half of What we ought 
to conſider. Thus on the firſt Argument, 
we conſider only that Body which has the 
moſt Force to deſcend, without conſider- 
ing the Force which either of them has to 
reſiſt this Aſgent, And on the other hand, 
we conſider only how great or how little 
Force the Bodies have to reſiſt the Aſcent, 


without conſidering how great or how Yt- 


tle Force they have to deſcend. We ought 
not therefore to wonder if both theſe Ar- 
guments are defective, and if Tartaglia 
is miſtaken as well as Guido Ubaldus. As to 


the clearing of this Difficulty, it will be 


ſeen in the following Propofition, 


4 
7 
. 
- 
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fig. 20 
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PROP. I. 


Tf equal Weights hang at the Ends of 4 


Horixontal Ballance, and draw at equal 


Diſtances, and tend to the Center of the 
_ Earth by Lines of Direction inclin d to- 
wards each other, they will remain in 
Egquilibrio: But if one fide of the Bal- 
lance be never ſo little inclin d, the 
W eight that is faſten d to it will conti. 
nue to deſtend, till the Ballance becomes 
Perpendicular to the Horizon. 


2 2 the equal Weights D, E, hang at 
the Extremities of the Ballance AC B, 
and draw from the equal Diſtances AC, 
BC, and let the Lines of Direction AF, 


BF, converge to the Center of the Earth 


mark d F. Lay firſt, if this Ballance is paral- 
lel to the Horizon, and by Conſequence per- 
pendicular to the Line CF, it will remain 
in Equilibrio. Let fall from the Point C, the 
Lines CG, CH, perpendicular to AF and 
BF: This being done, in the two Trian- 
gles ACF and BCF, the two ſides AC, 
CF, are equal to the two ſides BC, CF; 
and the right Angle ACF, equal to the 
right Angle BCF: conſequently (by 1:4) 
the Angle CFA is equal to the Angle 
CFB. Again, In the two Triangles CFG 
and CFH, the two Angles CFG and CGF, 


are equal to the two Angles CFH and 


CHF, and the ſide CF is common; con- 
ſequently 


A Treatiſe of Mechanicks. 

fequently (by 1: 26) the ſide CG is equal 
to the ſide CH. Whence it follows, that 
if che Weights D and E were applied in 
G and in H, as they would then draw 
from equal Diſtances, and by conſequence 


would be in Reciprocal Proportion of 


their Diſtances, they would be in Equili- 
brio, Now by the Corollary of the 4th 
Axiom, the Weights D and E act upon 
the Ballance ACB, in the ſame manner as 


they do upon the Ballance GCH ; they 


will therefore be in Equilibrio alſo upon the 
Ballance ACB. - BED. 

In the ſecond place I ſay, if the Bal- 
lance is never ſo little inclin'd on one fide 
of it, the Weight which is there faſten'd 

will continue to deſcend, till the Ballance 


becomes perpendicular to the Horizon. 


To prove this, 
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Produce the Line AF towards G; then Eg. 2. 


from the Point C let fall the Lines CG, 


CH, perpendicular to the Lines of Dire- 


ction, AF, BF; then thro? the Point F 


draw the Line FI, dividing the Angle AFB 


in two equal Parts : This done, BI will 
be to IA as BF ro AF (by 6: 3) but BF is 
greater than AF, therefore BI will alſo be 
458 than IA; and thereſore the Point 

will fall between the Point A and the 
Point C, which divides AB in two equal 
Parts. In like manner let fall from the 
Point I the Lines IL, IM, perpendicular 
to the Lines AF, BF: This done, in the 
two Triangles FIL and FIM, the two An- 


gles ILE and IFL being equal to the two 


Angles IMF and IFM, and the fide FI 


C 3 com- 
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common, the Lines IM and IL will be 
equal (by 1; 26) Again, In the two Tri- 
angles GAC and LAI, the two Angles 


AC and ALI are right, and the Angle 


at the Point A is common: Therefore 
theſe two Triangles are Equiangular, and 


(by 6:4) GC is to LI, as CA to IA. But 


CA is greater than IA; therefore GC 
will alſo be greater than LI or IM its e- 
qual. Farther, The two Triangles IBM 
and CBH, having the Angles BMI and 
BHC right, and the Angle at the Point B 
common, are Equiangular ; and therefore 
(by 6:4) IM is ro CH as MB is to HB. 
Now MB is greater than HB, therefore 


IM will alſo be greater than CH. But 


GC is greater than IM, and therefore 4 
fortiori greater alſo than CH. So that the 
Ratio of D to E is greater than that of CH 


to CG. From whence it follows, that if 


the Weight, D were applied in G, and the 
Weight E in H, the Ballance GCH would 
not remain in Equilibria, but would fall on 
the ſide of the Weight D. Now by the Co- 
rollary of the 4th Axiom, the Weights D 
and E muſt produce the ſame Effect upon 
the Ballance ACB, as upon the Ballance 
GCH ; and conſequently they will make 
it incline. on the ſide of the Weight D. 


BED. Therefore if equal Weights, Gr. 


MED. : -- . oe 
Sang 
In this Example the Ballance is ſo in- 
glin'd, as to make the Angle CAF vbyuſe, 
cho it might have been ſo inclin d as to 
110 +3 11 CCC 54 3 2 make 
485% : 4 
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make it acute, or at leaſt right. In the firſt 
of theſe two 'Cafes, the Perpendiculars 
CG, IL, would fall between A and F; 
and in the fecand, they would coincide 
with CA and IA. But in bath theſe Ca- 
ſes it will always be true, that the perpen- 
dicular Diſtance by which the Weight D 
draws, will be greater than that by which 
the Weight E draws. And therefore the 
Weight D muſt always have more Force 
to deſcend, than the Weight E has to re- 
ſiſt its Deſcent. l 1 te, 


„ „ 


Me are not to look for common Expe- 
rience to confute the Error of Guido Utal- 
dus or Tartaglia. For, as we have already 
obſerv d, the Lines of Direction of Weights 


are nearly parallel, being only inclin d to 


each other according to the Quantity of 
the Angle which they make at the Center 
of the Earth; and ſince the Quantity of 
that Angle is ſo ſmall, as to be altogether 
inſenſible, the Diſtance by which the lower 
Weight draws, will not be ſenſibly greater 
than the Diſtance by which the other 
Weight draws. And then, the rubbing of 
the Pivots, or Axel-Pins, even in the moſt 
exact and curious Ballance, being a ſenſible 
Hindrance to the Motion, it follows, that 
the Cauſe which wou'd incline the Bal- 
lance, is much leſs powerful than that 
which keeps it at reſt and in Equilibrio. 
However, if any one is deſirous to ſee 
by Experience, what would happen in 
caſe thę Angle made by the Lines of Di- 
e ee rection 


- 8 — 
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rection were of any ſenſible Bigneſs, as it 
would be if the Ballance were very near ta 
the Center of the Earth; he need only apply 
the Ballance ACB againſt a Wall perpendi- 
cular to the Horizon, ſo that the Beam of 
the Ballance be placid parallel to the Wall, 
and hang theWeights D and E at the Ends 
of two Packthreads of a ſufficient Length, 
and bring theſe Packthreads cloſer toge- 
ther by making them pals over the Pullies 
N. and O, placed, as in the Figure, not far 
aſunder, For. by the help, of theſe Pack- 
threads, the two Extremities of the Bal- 
lance are drawn by the Weights, as tend- 
ing to the Points F, or as if this Point FE, 
not far diſtant from the Ballance, were in 
reality the Center of the Earth. Thus ws 
ſhall ſee the lowermoſt Weight D conti- 
nue to deſcend and force the other Weight 
up. 3 ieee 2 25 | Aye of 
| P R . V. 
V Balance, whofe Center of Motion is 4. 
bove the Right Line, the Extremities 
| of which ſupport equal Weiphts at equal 


Diſtances, be Parallel to the Horizon, it 
will continue ſo ; but if it be inclin d 
and ſo change its former Situation, it 
will move till it becomes Parallel to the 


Horizon' again. 

F ET A be a Ballance having at the 
| Point F, which divides it in two es 
_ gual Parts, the inflexible Ling FC perpen- 
: . Ig ne | TIES, — 4 © dicular- 
. þ 1 „in vv 
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dicularly applied. Let the Point C, which 
is above the Line AB, be the Center of 
Motion of the Ballance, and the Weights 
D, E hang at the Extremities, and draw 
at equal Diſtances, AF, BF. This ſup- 
pos'd,: I ſay if AB be parallel to the Hori- 
Zon, it continues at reſt and keeps it ſelf 
parallel to the Horizon. Wd fot Vs 


For ſince AB is divided in two equal 

Parts at the Point F, it follows by the Co- 

rollary of the 3d Prop. that this Point F is 

the Center of Gravity of the Quantity 

compos'd of the Weights D and E. More- 

over, ſince AB is parallel to the Horizon, 

and CF perpendicular to AB, it follows 

that CF is alſo perpendicular to the Hori- 

zon: So that the Quantity compos'd of 

thoſe Weights is ſuſtain d by the Point C, 

juſt as it would be ſuſtain'd by the Point E, 

becauſe the Point C is directly over the 

Center of Gravity F. Whence it follows, 

by Coroll. 1. of the 3d Axiom, that the Bal- 

lance AB muſt continue immovable, and 

parallel to the Horizon DED. . 

Scqcondly, I ſay, that if this Ballance 

be inclin'd; and change its former Situa- 

tion, and one of its Extremities ſink be- 

low the other, it will not reſt there, but 

will return to the firſt Situation that is pa- 

ralleEeonthebtornen; fon eta: . 
For the Ballance being inclin'd, the Line 

CF is no longer perpendicular to the Ho- . 24 

rizon, but is ſeparated from the Line CH, 

which tends to the Center of the Earth. 

do that whereas the Point C ſtood pre- 

eilely over the Center of Gravity E, _ 

Sn 7 00 HT, neg 


Fig. 25. 
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the Ballance was parallel to the Horizon, 
it now ſtands over the Point G, between 


Fand A 3 for which Reaſon the Ballance 
is ſuſtain d by the Point C, juſt as it would 


be ſuſtained by the Point G. Whence it 


follows, by the 2d Corollary of the 3d Ax - 
jom, that the Quantity compos d of the 
Weights D and E, that is to ſay the Bal- 
lance, will not ſtand fill, bur muſt fink 
down on the fide GB, where the Center of 
Gravity falls. LED. ee Fs 8 

Ballance, &c. RED 


deere 


Tho no one perhaps wou'd ever pro- 
pole to make a Ballance after the manner 


we have here deſcribed, yet frequently 


fuch are made, either thro Unckilfulneſ; 
or: e Aae as have the ſame Proper- 
aus all thoſe have which are of the 
we Nature wich any of the four here re- 
— in each of which the Center 
of Motion Cas above the right Line which 
paſſes ;thro' the Points A and B, from 
which che Weights hang, and in "which 
Line conſequently che Center of Gravity | 
muſt fall. Now this Property (viz. of re- 
turning to an Equilibrium, or to be. parallel 
to the Horizon) is a very great defect in a 
Billance, foraſmuch as the Force with 
which the elevated Weight, tends to deſ- 
gend is ſo great, that tho the depreſsd 
Weight ſhou'd be fomething heavier than 
che other, it wou d nevertheleſs be forc'd 
pig Ain and unleſs there were a con- 
— 


. : pe. 1 ot. bd ye 3 = c 


\ 
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fiderable difference in, the Weights, this 


E- of Ballance wou d keep it ſelt in Equi · 
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If Balance, 52 Center of Motion is 
' below the right Line ſupporting with its 
Extremities equal Weights. at equal Di- 
ſtances, be parallel to the Horizon, it 
will ſo remain; but if it be inclin d ne- 
fall, will cominue to move till the Bal- 
lance has acquir'd a Situation quite con: 
trary to the former, and has its Center 
of Gravity direitly under the Center of 
Motion. SON. ra nr 


” 
gs 
* 


Point F, which divides it in two e- 


Anal Parts, the inflexible Line FC perpen- 


dicularly applied: And let the Point C, 
which is below AB, be the Center of Mo- 


tion of this Ballance, at whoſe Ends the 
equal Weights D and E hang and draw at 
| gpl Diſtances, AF, BF; this ſuppos d, 


y ficſt, if AB be parallel to the Hori- 


e 
zon, it will ſtand {Kill and keep it ſelf pa- 


rallel to the Horizon. For ſince AB is di- 
vided in two equal Parts at the Point F, at 


—— by che Corollary of the Third Propo- 
ſition, that this Point F is the Center of 
Gravity of the Quantity compos d af the 
Weights D and E. Again, ſince AB is 
1 ; 9 : 8 3 parallel 


28 
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parallel to the Horizon and CF perpen- 
dicularto AB, it follows that CF is alſo 
perpendicular to the Horizon: So that 
the Quantity compos'd of the Weights D 
and E ͤ is ſuſtain'd by the Point C juſt as it 
wou'd be ſuſtain'd by the Point F, becauſe 


the Point C is directly under the Center 


of Gravity F; wherefore by the firſt Corol- 
lary of the third Axiom, the Ballance AB 
muſt remain immoyable and parallel to the 
44 
Secondly, I ſay, that if the Ballance be 
inclin'd never ſo little, ſo that one of the 


Extremities ſink below the other, it will 
nat. reſt. there, but will continue to move 


and fink lower, till it has acquir'd a Situ- 


-ation quite contrary to the former, and has 


its Center of Gravity directly under the 
Center of Motion. T 

For the Ballance being inclined, the. 
Line CF js no longer perpendicular to the 
Horizon, but ſeparares from the Line HC, 
which tends to the Center of the Earth; 
for which reaſon the Ballance being cut 
by the/Line HC in the Point G berween 
Fand B, is to be conſider'd as if it were 
ſuſtain'd by that Point G. Wherefore by 
the ſecond Corollary of the third Axiom, the 
Ballance cannot ſtand till, but muſt im- 
mediately ſink down on the ſide of the de- 
preſs'd Weight A; and for the ſame rea- 
ſon it muſt always continue to move till 
the Point F falls directly under the Point 


C. D. and therefore if 4 Balance, & . 


ED. 
* 
” 
a 67 * i : 
. 7 2 
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but by ſome other. 
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N which have theit Cen- 
otion plac d, as we have juſt now 
deſcrib'd; that is to ſay, under the Center 


of Gravity, are preferable to thoſe which 


have it plac'd above ; becauſe in the former 


the ſmalleſt difference between the 


Weights in each Scale will make em fall, 
the very great Eaſe with which this kind 
of Ballance is moved, ſerving to over- 
come the Obſtacle, which the rubbing of 
à large Axis oppoſes to the Inclination of 


the Ballance. However, to uſe this fort 


of Ballance right, care muſt be taken to 
place the Scales even, and ſupport em 
with your Hands, and hold ſo long till the 
Beam ſtands parallel to the Horizon ; for 
if it were not 1 he lowermoſt Scale, 
tho? it had leſs Weight in it, wou'd force 
the other up, becauſe the Ballance wou'd 
not then be ſuſtained by the middle Point, 


PROF. 
One or more Weights being given, and the 


Places to which they are applied in 4 


| Ballance of a known Magnituae, to find 
the fix'd Point about which they will 


continue in Equilibrio. 


1 4a firſt, Let there be a Bal- 
la like AB 0 known Length, ſuppoſe 


12 ches, having at its Extremities the 


Weights 


Hs Propoſition may have ſeveral Fig. 26. 
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Weights D. and E, the firſt of Which is fix, 


and the other three Pounds; the Point C, 
about which this Ballance will remain in 
Equilibrio is ſought. To find this, 

Add the Weights D and E together (the 


Sum is Nine,) then ſay, as this Sum to the 


Weight E (which is Three,) ſo the whole 
Length of the Ballance AB to a Part AC, 
(four Inches.) I ſay then the Point C will 

be the fix d Point about which the Weights 
D and E will remain in Equilibrio. For 


ſince the Sum of D and E is to E, as AB 


to AC; then alſo ſeparately (ys: 17.) 
Where- 


Fg. 29. 


asDistoE, fo is BC to AC. 


Point C, its Gravity will be in Equilibri 


Where. 

fore by the firſt Propoſition the Weights D 
8 E BY remain in Eqil;brio about the 
Point C. | 5 


In the ſecond Place, let there be a Bal- 


lance like AB of a known Length, ſuppoſe 
12 Inches. But as hitherto we have con- 
ſider d our Ballances as without any Gra- 
vity; let us now fuppoſe this Ballance to 
weigh eight Pounds, and the Weight E at 
the End of it four Pounds. It is requir'd 
to find the Point C about which this Bal- 
ages will remain in Equilibrio, To find 
t is, : | ; 

Divide the Ballance in two equal Parts 
at the Point F; this Point ſhall be the 


enter of Magnitude. Then ſay, as the 
Sum of the Gravities of the Ballance and 


Weight, that is 12, is to the ſingle Gravi- 


ty of the Weight E, that is 4, ſo is BF (ſix 


Inches) to FC (two Inches.) I ſay then, 
that the Ballance being ſuſtain d by the 


with 


of Treariſt ef 'Mechanicks. = 
with that of the Weight E. For ſince'F is 


the Center of Magnitude of the Ballance, 


which we here ſuppoſe to be Homogene- 
ous (that is, equally thick, and in all its 


Parts uniform) it will alſo be the Center 
of Gravity, If therefore we imagine the 
Whole Gravity of eight Pounds to be re- 
moy'd from the Ballance into the Weight 


D hanging upon the Point F, the Ballance 
will ſtill be in the ſame Condition as if it 
had retain'd its whole Gravity, by the rſt 
Corollary of the th Axiom. But accord- 
ing to the foregoing Suppoſition, when 
the Gravity is remov'd from the Ballance 


to the Weight D hanging upon the Center, 


the Weight D will keep the Weight E in 
Equilibrio about the Point C, by the ſecond 
Corollary of the ſeventh Axiom. And 


therefore the Ballance having its whole 
Gravity reſtor'd, will likewiſe keep the 


Weight E in Equilibrio about the Point 
C ; t 


Tn the third place, let AB be a Ballance gg. 30. 


24 Inches in Length, and 12 Ounces 
in Weight ; and let there hang at the Ex- 


tremity A, a Weight of 6 Ounces, and at 


the Point E (10 Inches diftant from B) a 
Weight of two Ounces : Ir is requir'd to 
find the fix'd Point C, about which the 
Ballance, and both the Weights D and F, 
will remain in Equilibrio. | 
Divide the Ballance in two equal Parts 
at the Point G, and imagine its whole 
Gravity to be'remov'd into the Weight 12 
hanging at the Center G. Then conſi- 
dering only the two Weights D and F that 
e | 2 
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are fartheſt aſunder, and that Part of the 
Ballance which lies between the Points A 
and E, from whence the Weights hang; 
divide the Part AE (14 Inches) at the 
Point H, in ſueh proportion, that as the 
Weight D (6 Ounces) to the Weight F 
(2 Ounces) ſo may EH be to AH (that 
is, 10.5 Inches to 3.5 Inches.) Then in- 
ſtead of the Weights D and F, imagine a- 
nother Weight of 8 Ounces, equal to the 
Sum of both the former, hanging at the 
Point H; and divide the Part of the Bal. 
lance HG (8.5 Inches) at the Point C, in 


ſuch proportion, that GC (3. 4 Inches) may 


be to HC (5.1 Inches) as the Weight 8 to 
the Weight 12. I ſay, the Point C is the 
fix d Point or Center of Motion ſought. 
For by the Corollary of the third Pro- 
poſition, the Point H is the Center of Gra- 
vity of the whole Quantity compos'd of 


the Weights D and E; and therefore by 


the firſt Corollary of the 7th Axiom, the 


| ſingle Weight 8 will act upon the Ballance 


juſt in the ſame, manner as the 2 Weights 
D and E. In like manner the Point G, 
being the Center of Gravity of the Bal- 
lance AB, the Weight r2 will produce the 
ſame Effect as the whole Gravity belong- 
ing to it. So that the Ballance and the 
Weights D and F will remain in Equilibrio 
about that Point, about which the two 
Weights 8 and 12 will remain in Equilibrio, 
But ſince as 8 is to 12, ſo is GC (3.4) to 
HC (5.1) it follows by the firſt Propoſi- 
tion, that the Weights 8 and 12 will re- 
main in Equilibrio about the Point C: Age 

conſe- 


: & N 8 > 
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conſequently the Weights D and F ſup- 
ported by it, will remain in Equilibrio about 

the ſame Point C. 5 


SCHOLIUM. 


If there were another Weight hanging 
at ſome other Point of the Ballance, as I, 
you muſt then imagine a Weight hanging 
at the Point. C, equal to the Gravity of 
the whole Ballance together with the 
Weights D and F. Then ſay, As this whole 
Gravity to the Gravity of the Weight ap- 
| plied at I, fo IL to CL. Whence it is 
evident, that the Point L ſhall be che 
3 Point, about which the Quantity com- 
: pos'd of the Ballance and all the foremen- 
tion d Weights, ſhall remain in Equilibrio, | 


E 


y 3 | ? +9 
8 The fix'd Point in a Ballance of unequal 
C Arms, whoſe Length and Gravity are 


known, with the Quantity of a Weight 
hanging at the ſhorteſt Arm being given, 
to find the Place of another leſſer Weight 
given, where it ſhall keep the Balance in 
Equilibrio. 


ET AB be a Ballance 12 Inches in gg. 31. 

4 Length and 2 Ounces in Weight, and | 

the fix d Point C x Inch diſtant from the 

Extremity A, at which there hangs the 

Weight DE of x Pound or 16 Ounces. Let 

there be given alſo ** little Weight 1. It 
is 


3 (4 
* 
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is requir'd to find the Point G, where the 


Weight 1 being applied, ſhall by its own 


Gravity, together with the Gravity of the 


— "5 keep the Weights DE in Equili- 
brio. CG 5 | 
Divide the Ballance AB in two equal 


Parts at the Point F; the Point F ſhall be 


both the Center of Magnitude and the 
Center of Gravity. Conceive then the 


Weight H, equal to the whole Gravity of 


the Ballance, hanging at the Point F: 
Which Gravity being much leſs than that 


of the Weight DE; ſay, as AC (x Inch) 


to FC (5 Inches,) ſo the Weight H (2 
Ounces) to the Weight E (10 Ounces ;) 
and then ſay, as the given little Weight 
(x Ounce) to the Weight D (6 Ounces,) 
fo AC (1 Inch) to GC (6 Inches.) I ſay 


the Point G is the Point ſought, where the 
little Weight x, together with the help of 


the Gravity of the Ballance, will keep the 


Weight DE in Equilibrio. 5 
For the Weight H producing the ſame 
Effect as the Gravity of the Ballance, and 


by the firſt Propoſition being in Equilibrio 
with the Part E of the Weight DE, it fol- 
lows, that the Gravity of the Baltance 


by it ſelf will keep the Weight E in Equi- 
librio. Again, Since as the Weight 1 to the 
Weight D, ſo is AC to GC; it follows al- 
fo, that theſe two Weights will be in Equi. 


librio about the Point C. The Point G 

therefore is that Point where the Weight 
1 being ſuſpended will, with the help of 
the Gravity of the Ballance, keep the 
whole Weight DE in Equilibrio. EI. 
PS ks 
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Conortrary, 


From this Propoſition. we ſhall deduce. 


the Conſtruction of the Roman Ballance, 
commonly call d the Stel- ard. To make 
which, WTI - =, 4 72 
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Take a long Rod of Wood or Metal of Eg. 32. 


an equal Thickneſs and Gravity through- 


out, of which you know the Weight; then 
having applied a Hook at che Extremity 


Ag upon which to hang any thing that 


you would weigh; and having taken at 
pleaſure the Point C for the Center of 
Motion: find by the foregoing Propoſi- 


tion the Point G, where applying the 


Weight 1, whoſe Gravity is known, this 


Weight aſſiſted by the Gravity of the Bal- 


lance ſhall keep in Equilibrio the leaſt 
Quantity you intend to weigh, for Exam- 


ple one Pound. Find alſo the Points H, I, 


L, M, N, &c. where the ſame Weight r 
muſt be applied to be in Equilibrio with 2, 
3, 4, F and 6 Pounds. And ſo continue 
to do till the whole remaining Part of the 


Ballance AB is fill'd with Marks: and then 


| ScroLiun I. 


The ſeveral Irregularities that are com- 
monly found in the Materials, as well as the 
Errors that uſed to be committed for want 
of ſufficient Exactneſs in the work it ſelf, 

when we follow the foregoing Method for 
the Conſtruction of the Roman Ballance, 


may eaſily occaſion a Ballance made ac- 
N 3 cording 
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cording to that Method to be very imper- 


fect. I would-choole therefore for the Pra- 
Rical Part to ſubmir to the Method made 


uſe of by our commen Workmen, howſo- 
ever groſs and inartificial it may be in ir 
felf. They hang upon the Hook D the 


leaſt Weight that is to be weigh'd by that 
Ballance, ſuppoſe 1 Pound; and holding 


the Ballance parallel to the Horizon, they 
move the Weight 1 from © towards B, tilt 


they find the Point where this Weight 1 


holds the Weight of 1 Pound ON 


at that Point they make the Mark 
which is here repreſented byG; then apply- 
ing to the Hook other Weights, as 2, 3, 4, 


F and 6 Pounds, and moving alſo the 


Weight 1 as before towards B, they find 
out the places of the Marks H, I, L, M, N, 


ec. till the whole Length of the Ballance 
r pt 1 


SCH OL. 1 


Klfter all the Care that can be taken in 


making the Roman Ballance, it will be im- 
perfect notwithſtanding; becauſe it will 
be impoſſible to weigh with it any Weights 
that are very ſmall, as Ounces, and much 
leſs Grains and the Parts of a Grain. How- 
ever, it has this Advantage above the com- 


mon Ballance, that it does not require ſo 
great a Number of Weights, and that one 


ſingle Weight of no great Bigneſs, with 
reſpect to thoſe that are counterpois'd by 
it, will be ſufficient to weigh very heavy 
Bodies. Thus by means of this Ballance 

| great 


— 
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great Pieces of Cannon of many Thouſand 
weight are weigh'd with only one Weight 
of 25 Pounds. So that the Axels of this 
Ballance ſupport only the Gravity of the 
Cannon, of the Ballance, and of the 25 
Pounds. Whereas if we make uſe of the 
common Ballance, the Axis muſt ſupport 
twice the Weight ; and therefore the Bal- 
lance would almoſt always break when it 
was loaden with very heavy Bedies. And 
if it did not break, yet the Axel, which 
would rub very hard againſt the Head of 
che Ballance that ſupports it, would not 
turn without great difficulty; and it would 
therefore require a very conſiderable Ine- 
quality between the Weights to make it 
incline on one ſide or other. | 


PROP. IX. 


To make a falſe Balance, which ſhall hang 
in Equilibrio when the Scales are empty, 
and remain ſo when they are loaden with 

anequal Weights, 


7 = 32 = Pe — > 2 — 3 
2 p — 32 1 * 2 — ned Dan. — — — C — * 
- * 2 "1 — — * - 4 * 3 — 
—— —ͤ hats GI DIrS TIO SER * . + 5 Lad 2 0 n 
; — 8 - wo 4a 4 _ — - — I _— , 4 * 7 Te 
7 - pan EL — — - - - - of 8 * * 
r 4 C . — = A = == — — — a — — 
* — — LS yon * r Pad A 2 „ —— i — = 
2 p OT SEES TY ein Cee ———_ 
— ͤͤ —„—- — — — 


+,” a _ 
br go 
— 


— — 
—— — — 


— 


1 
4 
oi 
TY 
= 9 
4 
1 
1 
11 
"3h 
4,» 
* 
N 1 
4 ; [3 
5 Ta 
4 N 


| | ET nt | \ | 
O do this, make one Arm of the Bal- 
lance a little longer than the other ; 
then provide two Scales, which together 
with the Strings by which they are faſten- 
ed to the Beam, al be to each other in 
Weight in the ſame Proportion as the 
Arms of the Ballance; and apply the hea- 
vieſt Scale to the End of the ſhorteſt Arm, 
and the lighteſt Scale to the End of the 
longeſt Arm This done, I ſay, you will 
= have 
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have a Ballance which ſhall hang in Equi- 


l;brid when the Scales are empty, and alſo 


when loaden with unequal Weights. . 


The firſt of theſe two Propoſitions is 


evident, from the firſt Propoſition of this 
Treatiſe: Becauſe the empty Scales are 


to be conſider d here, as Weights applied 

at the Extremities of the Ballancſe. 
The ſecond is alſo certain: For this 

Ballance cannot be in Equilibrio, unleſs the 


Weights with which the Ballance is load- 


ed, together wich the Scales that ſupport 


them, are in Proportion as the Arms of 
the Ballance. But in order to this, it is 
neceſſary that the Weights ſhould be to 


each other in the ſame Proportion of In- 
equality. a 1 
SCHOLIUM |. 


It may ſometimes happen, that Ballan- 
ces may have this Defect contrary to the 


Intention of the Workman ; But to find 
this out, you need only change the Weights 
from each Scale to the other; for if they 


were in Equilibrio in the firſt Caſe, they 
will not be ſo in the ſecond. ; 


052 US or 40, 


As it has been long ago obſerv'd, chat 


to make uſe of ſuch a Ballance as this 


would be the Seller's Profit, if he 


were to. put his Goods in the Scale which 
Hangs at the longeſt Arm; and on the 


| Dae it would be the Buyer's Pro- 
fit, if th 


that hangs at the ſnorteſt Arm: So it has 


e Goods were put into the Scale 


been 


9 2 11 
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been a long while attempted to find out a 
Method, whereby the Loſs both of Buy- 
er and Seller might be prevented. Some 
People have thought this might be done, 
by dividing that which might be weightd 
at once into ſeveral Draughts, and ſo or- 
dering theſe ſeveral Draughts, as to put 
the Weights in each Scale of the Ballance 
alternately. Thus for Example, being to 
weigh 60 Pound of Goods with this Bal- 
lance, they divide the whole Quantity in- 
to fix Draughts of 10 Pound each. The ; 
firſt, the third, and the fifth of theſe — 
Draughts they make, by putting the 
Weight in one and the ſame Scale, and 
the Goods in the other: The ſecond, the 
fourth, and the ſixth, by putting the Weight 
where the Goods were, and the Goods 
where the Weight was in the former three 
Draughts. But yet even by this means 
they can never come exactly to the true 
Weight, by ſome ſmall matter of difference; 
as you will eaſily perceive by Calculation. 
Let us ſuppoſe, for Inſtance, that 60 Pound 
of Goods are to be deliver'd, which we 
are oblig'd to weigh in a Ballance whoſe 
Arms are unequal in the Proportion of 15 
to 16; and that in the three firſt Draughts 
wie put the Weight (that is, the 10 Pounds) 
in the Scale that hangs at the ſhorteſt 
Arm, and in the three other Draughts we 
put the Weight in the other Scale. It is 
certain, that in each of the three firſt 
Draughts the Seller delivers 9 Pound and 
Tz of Goods, that is, 28 Pound and 5+ in 
all three; and that in each of the three 
D 4 other 
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other Draughts he delivers 10 Pound and 
, that is, in all the three 32 Pound. So 
that in the whole he delivers 60 Pound 
and , or two Ounces, inſtead of 60 Pound 
only which was to be deliver'd; whereby 
there is a Loſs of 2 Ounces to the Seller. 


3 * 8 ** 9 


of the Power; that is, of AC to AB. 


F 
4 ; 
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Of the L E VE R. 
e 


If s Power, 750 Line of Direction is 


„ 


perpendicular to the Horizon, ſuſtains 4 


Weight by means of a Lever parallel to 
the Florizon, the Power will be in Pro- 


portion to the Weight, as the Diſtance of 


the Weight to the Diſtance of the 
> AT 7 281 


\IRST let us ſuppoſe a Lever, as AB, 


4 parallel to the Horizon, whoſe Prop 
or fix d Point is C. Imagine then that a 


Power applied in B, and having its Line 


of Direction perpendicular to the Hori- 
20on, ſuſtains the Weight D applied to the 


Lever in ſuch manner, that its Center of 


Gravity D, anſwers exactly to the Extre- 


mity A. I ſay, there ſhall be the ſame Pro- 


portion of the Power to the Weight, as of 


the Diſtance of the Weight to the Diſtance 


For 


— 
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For if we imagine the Power at B to be 
taken away, and the Weight E, ſuſtaining 
the Weight D, plac'd in its ſtead; in that 
Caſe the Lever AB will be the ſame, as a 
Ballance ſuſpended at the Point C. By 
the firſt Propoſition therefore, there ſhall 
be the ſame Proportion of the Weight E 
to the Weight D, as of the Diſtance AC 
to the Diſtance BC. But the Weight E 
which ſuſtains the Weight D, muſt of ne- 
ceſſity be equal to the Power at B, be- 
cauſe it produces juſt the ſame Effect as 
that Power does. From whence it follows, 
that there muſt alſo be the ſame Propor- 
tion of the Power at B to the Weight D, 
as of the Diſtance of the Weight to the 
Diſtance of the Power; that is, of AC to 
Let us ſuppoſe now a ſecond ſort of gg. 34 
Lever, as AB, whoſe Prop or fix d Point is 
| at the Extremity A, and the Power at the 
other Extremity B, where by drawing up- 
wards it ſupports the Weight D upon the 
Point C, between the Prop and the Power. 
I fay, there ſhall be the ſame Proportion 
of the Power to the Weight, as of the 
Diſtance of the Weight to the Diſtance of 
the Power; that is, the ſame as of AC to 
AB. For if we continue the Lever AB 
towards E, till AE is equal to AB, and 
imagine the Power to be remov'd from B 
and transferr'd to E, where it acts by draw- 
ing downwards; it will follow, by the Scho- 
lia of the Corollary of the ſixth Axiom, 
that the Power ſhall produce the ſame 
Effect at E as it did at B; that is, it will 
7 2 ſuſtain 
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ſuſtain the Weight D. But we have juſt 
now demonſtrated, that in this Caſe the 


Power at E will be co the Weight D, as 
AC to AE, or to AB, which is equal to it. 


Conſequently the ſame Power applied at 
B, is to the Weight D, as the Diſtance of 
the Weight to the Diftance of the Power; 


that is, 4s AC to AB. HED. 


Let us ſuppoſe again a third ſort of 


Lever, as AB, whoſe Prop or fix'd Point is 

at the Extremity A; and the Weight Dat 

the other Extremity B, and the Power at 

C, between the Weight and the fix'd 
Point, where it acts by drawing rants 
| It, 


I ſay, the Power ſhall be to the Weigh 


as the Diftance of the Weight to the Di- 


ſtance of the Power ; that is, as AB to 
58 At d A 


For if we continue the Lever AB to- 


wards E, till AE is equal to AC, and then 
imagine the Power at C to be removed to 


E, and to act there by drawing down- 
wards; it will follow, by the Scholia of the 
Corollary of the fifth Axiom, that the Power 


will produce the ſame Effect at E as it did 
at C; that is, it will ſuſtain the Weight 


D. But in this Caſe it has been already 


demonſtrated in the firſt Part of this Pro- 


poſition, that the Power at E is to the 


Fg. 36,37 


Weight D, as AB to AE or AC, which 


is equal to it. Conſequently the ſame 


Power applied at C, is to the Weight D. as 

the Diſtance of the Weight AB co the Di- 

ſtance of the Power AC. 2ED. . 
Let us ſuppoſe laſtly a fourth ſort of Le- 


37 yer, crooked as AC B, having the Part AC 
79 55 parallel 
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parallel totheHorizon,andCthe fix'dPoint, 
and the Weight D hanging at the Point A, 
and the Power applied at B acting with 
the Line of Direction BE perpendicular to 
the Part of the Lever CB. I ſay, there 
will {till be the ſame Proportion of the 
Power to the Weight, as of the diſtance of 
the Weight to the diſtance of the Power; 
that is, the ſame as the Proportion of AC 
to BC. For if we continue the Part of 
the Lever AC towards F, till CF is equal 
to BC, and then'imagine the Power to be 
transferr'd from B to E, and to act there 
erpendicularly downwards; it will follow 
by the Scholia of the Corollary of the 5th 
Axiom, that the Power ſhall produce the 
ſame Effect at F as it did at B; that it 
ſhall there likewiſe ſuſtain the Weight D. 
But in this Caſe. it has been already de- 
monſtrated in the firſt part of this Propo- 
ſition, that the Power at E is to the Weight 
D, as AC to CF or to BC, which is equal 
to it. Conſequently this ſame Power at 
B is to the Weight at A, as the Diſtance 
of the Weight to the Diſtance of the Pow - 
er; that is, as AC to AB. EKD. 


 _S$Scnoriun l. 


In uſing the firſt and fourth ſort of Le- 
ver, as the Diſtance of the Weight AC 
may be greater or leſs than the Diſtance of 

the Power BC; ſo the Power which ſu- 
ſtains the Weight may be either greater or 
leſs than the Weight. warn 
11 |  SCHOL, 

©] 
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But in uſing the ſecond ſort of Lever, as 


the Diſtance of the Weight muſt of Neceſ- 
ſity be leſs than the Diſtance of the Pow- 
er; ſo the Power which ſuſtains the 


Weight, muſt alſo of Neceflity be leſs than 


the Weight, | 


Scott. III. 


On the contrary, in uſing the third ſort 


of Lever, as the Diſtance of the Weight 
muſt of Neceſſity be greater than the Di- 
ſtance of the Power; ſo muſt the Power 
alſo which ſuſtains the Weight, of Neceſſi- 
ty be greater than the Weight. - 


— 


If in the Uſe of the ſecond ſort of Lever 
a Power were applied inſtead of the Prop, 
this latter Power and the former would be 
to each other in Reciprocal Proportion of 
their Diſtance from the Point which ſup- 
ports the Weight. | Orgs 


- Thus ſuppoſing two Powers applied at 


the Points A and B of the Lever AB, ſup- 
port the Lever with the Weight D hang- 
ing at the Point C; I fay that the Power 
at A is to the Power at B, as BC to AC. 
For if we conſider the Prop of the Lever 
as at B, it follows by the foregoing De- 
monſtration, that the Power at A is to the 
Weight, as BC to AB. And if we conſi- 
der the Prop as at A, the Weight is to the 
Power at B, as AB to AC. So that there 
are on the one hand three Quantities BY 

| ; : 6 
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The Power at A, 
The Weight D, ö 
And the Power at B; i 
And on the other hand three Lines; 
BC, AB and AC; Mm 
which ſix Quantities taken orderly by-two- 
and two are proportional. Therefore (by 
5: 22.) they will alſo be proportional 
when taken equally ; that-is, as the Pow- 
er at A to the Power at B, ſo is BC to 
„ W 
What has been demonſtrated of the firſt 
ſort of Lever, which was ſuppos'd parallel 
to the Horizon, will alſo be true of the 
ſame Lever when inclin'd ; provided the 
Weight hangs freely at the Extremity to 
which it is faſten'd, and the Line of Dire- 
&ion of the Power is perpendicular to the 
Horizon. | | 
Thus ſuppoſing aLever of the firſt ſort to Eg. 39. 
be inclin'd, as is here repreſented by the 
Lever AB, as alſo the Weight D to hang 
freely at the Extremity A, andthe Power 
which ſuſtains it to be ſo applied at the 
'  Extremity B, that the Line of its Directi- 
on GB is perpendicular to the Horizon. 
I ſay, the Power is to the Weight, as the 
Diſtance of the Weight to the Diſtance of 
the Power; that is, as AC to BC. For if 
_ thro* the fix'd Point C be drawn the right 
Line FCG parallel to the Horizon, and 
conſequently perpendicular both to the 
Line ot Direction of the Weight AF, and 
to the Line of DireRion of the Power GH; 
0 
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ſo chat CF be the perpendicular Distance 


of the Weight, and CG the perpendicular 


Diſtance of the Power: It is evident by 


the Scholium of the Corollary of the 4th 
Axiom, that the Weight hanging at A will 
have juſt the ſame Force to move the in- 


clin'd AB Lever, as it has to move the - Ho-— 


rizontal Lever FG; and likewiſe that the 
Power in B has juſt the ſame Force to 
move the inclin'd Lever AB, as it has to 
move the Horizontal Lever FG. Whence 


it follows, that the Power to be applied 
in B for ſuſtaining the Weight D, which 


Hangs at the Extremity A, is equal to that 
Power which is to be applied at G, for ſu- 
ſtaining the ſame Weight gravitating up- 


a 


on F. But if there were' a Power in'G 


ſuſtaining the Weight D which gravitates 


upon F, there would be the ſame Propor- 
tion of the Power to the Weight, as of the 
Diſtance of the Weight FC to the Di- 
| ance of the Power CG. Conſequently 
the ſame Power being B and the Weight 
D gravitating upon A, there will be the 
ſame Proportion of the Power to the 
Weight, as of FC to CG. But FC is to 
CG, as AC to BC, becauſe the Triangles 
ACF and BCG are ſimilar ; and therefore 
the Power at B is to the Weight at A, as 
AC to BC. QE. 1 
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If ſeveral Powers have their Lines of Di- 
rection perpendicular to the Horizon, 
that Power which ſuſtains a Weight tied 
fat upon 4 Lever parallel to the Hori- 
Eon, is leſs than that which (all other 


Circumſtances being alike) A the 
| ut greater 


ſame Weight depreſs'd below, 
than another Power which ſuſtains the ſame 
_ Weight elevated above the Horizon. 


FE T there be a Lever, as AB, parallel 
L to the Horizon, whoſe fix d Point is 
3 


and a by. - 4 whoſe Center of Gravi- 
aſt upon the Extremity A ; 


ty is D, tied 
and a Power applied to the other Extre- 
mity B, with its Line of Direction per- 
pendicular to the Horizon, ſuſtaining the 


Weight D. I ſay, that this Power is leſs 
than another, which being applied in the 


ſame manner, ſhall ſuſtain the ſame Weight 
by means of a Lever depreſs'd below the 
Horizon, as IL; but greater than another 
Power, which ſhall ſuſtain the ſame 


Weight by means of a Lever elevated a- 


bove the Horizon, as HG. 

To prove this, from the Center of Gra- 
vity D, draw a right Line DE perpendi- 
cular to the Lever, and another right Line 
perpendicular to the Horizon. This latter 


right Line, when the Lever is parallel 


to the Horizon, will be coincident 
* ee with 
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with DE; but when the Lever is depreſ- 


ſed, as IL, it will fall upon the Point M, 
farther diſtant from the fix'd Point C than 


the PointE is : And when on the contra- 
ry the Lever is elevated, as HG, it will 


fall upon F, between E and C. The Points 
therefore EM and F, upon which the 
Weight gravitates, according to the dif- 
ferent Poſitions of the Lever being deter- 
min'd, you will plainly perceive that EC, 
the Diſtance of the Weight gravitating 
upon the Lever AB parallel to the Hori- 
Zon,. is leſs than the Diſtance MC when 
the Weight is depreſs'd, and greater than 


the Diſtance FC when the Weight is ele- 


vated. = 3 | 
From hence, together with what-has 


been demonſtrated in the foregoing Pro- 


poſition, it is eaſy to perceive, that the 


Power in B is to the Weight that it ſuſ- 


tains, as EC to CB. Now the Reaſon of 
EC to CB, is leſs than that of MC to CL, 


or CB, equal ro CL. But the Reaſon of 


MC to CL, is the very ſame with that of 


the Power at L to the Weight which it 


ſuſtains. Therefore the Reaſon of the 
Power at B to the Weight which ir ſuſ- 
tains, is leſs than the Reaſon of the Pow- 
er in L to the ſame Weight. And conſe- 

uently (by 5: 10) the Power at B, which 


uſtains a Weight by means of a Lever pa- 


rallel to the Horizon, is leſs than the 
Power in L, which ſuſtains the ſame 
Weight when it is depreſs d. QED. | 

For Proof of the ſecond Part of this 


| Propoſition, conſider as before, that the 


Power 
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Power in B is to the Weight which it ſu- 
ſtains as EC to CB. Now the Reaſon of 
EC to CB is greater than that of FC to 


CG, or CB equal to CG. But the Reaſon 


of FC to CG is the vety ſame with that of 
the Power at G to the Weight which it ſu- 
ſtains. Conſequently the Reaſon of the 
Power at B to the Weight which it ſuſtains, 


is greater than that of the Power at G to 


the ſame Weight, And therefore (by 5: 10) 
the Power at B, which ſuſtains a Weight 


by means of a Lever parallel to the Hori- 


20n, is greater than the Power at &, which 


ſuſtains the ſame Weight elevated ED. 


Sckhorfuu I. 


Since it happens that che more the 


Weight is der, the farther the Point 
M muft fall from the fix'd Point C, and 


on the contrary, the more it is elevated 
the nearer the Point F muſt fall to the 


ſame fix'd Point; therefore of Neceflity it 


follows, that the ſuſtaining Power muſt 
be ſo much the greater as the Weight is 
depreſs'd lower, and ſo much the leſs as 


the Weight is elevated higher. But as the 


Weight may be ſo elevated, that the Cen- 
ter of Gravity ſhall hang perpendicularl 

over the fix'd Point C, and as in that Caſe 
the fix'd Point would ſupport the whole 
Gravity, and there would be no reaſon 


why the Weight ſhould incline Foc the one 


Side rather than the other : ſo there would 


likewiſe be no need of any Power to ſu- 


{tain it, or hinder its Deſcent. - 
* — SCHOL. 
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But now if we ſuppoſe the Weight te 
be tied faſt ander the Lever and not upon it 
as before, by a Reaſoning like to that in 
the preceding Propoſition, we ſhall find 
quite the | contrary to what was there 
proved. But this is ſo very eaſy that it 
would be ſuperfluous to give a particular 
Demonſtration of it. 


„„ IT” 


If the Power were to change its Line of 
Direction ſo as to keep it always perpen- 
dicular to the Lever; in this Caſe, in or- 
der to compare it with the Weight it ſu- 
ſtains, we muſt let fall from the Center of 
Gravity, whether the Weight be elevated 

or depreſs'd, a Line perpendicular to the 
Horizontal Lever, and take that part of 

the Horizontal Lever between the per- 
ROSES and the fix'd Point for the Di- 

ee ot the Weight, . 
Thus let AB be a Horizontal Lever 
leaning upon the fix'd Point C; and let a 
heavy Body, whoſe Ceater of Gravity is 
D, be tied faſt upon the Extremity A ; ler 
IL repreſent the ſame Lever depreſs d at 
the End where the Weight is; and let HG 


_ repreſent the ſame Lever elevated at the 

End where the Weight is; and laſtly; 

let the Line of Direction of the Power, 

both at L and at G, be perpendicular to 

the Lever. In order to compare the Pow- 

er with the Weight, we muſt draw * 
| t 
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the Center of Gravity D in the depreſsd 
Weight the Line DM perpendicular to the 
Horizontal Lever AB, and take CM for 
the Diſtance of the Weiglit: And if the 
Weight was elevated we muſt ler fall the 
ee DN upon the Horizontal 

ever, and take NC for the Diſtance of 
the Weight. So then the Power ſuſtain- 
ing the depreſs d Weight, is to the Weight 
as MC to LC; and the Power ſuſtaining 
the elevated Weight, is to the Weight as 
NC to CG. | Fog | 


For the Lines DM and DN, drawn from 
the Center of Gravity perpendicular to the 
Horizontal Lever AB, are the Lines of Di- 
region of the Weights which gravitate 
equally jn all the Points of thoſe Lines, by 
the 4th Axiom. So that the Weight being 


depreſs d, it is juſt the ſame as if it were 


applied at the Point M of the crooked Le- 
ver MCL. And the ſame Weight being 


elevated, it is juſt the ſame as if it were 


applied at the Point N of the Lever NCG. 
Whence it follows, from -what we have 


before demonſtrated in the 1oth Propoſi- 


tion, that the Power at L is to the de: 


preſs'd Weight as MC to LC, and the 


Power at G is to the elevated Weight as 


NC to GC. 


F 2 PROP: 
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- 1:1» PaWO P21. Me -- 


To move 4 given Weight with 4 given 


Power, by the help of a given Lever. 


T ET there be given a Power of ſix 
L Pounds, a Weight of a thouſand 
Pounds, and a Lever of a Fathom in length: 
It is requir'd to find a fix d Point upon 
which the Lever being ſuſtain'd, the given 
Power ſhall move the given Weight. 


Io find which, Divide firſt of all the 


Lever AB at the Point C, fo that AC may 
be to CB as the given Power (10 Pounds) 


to the given Weight (1000 Pounds 3) then 
taking at pleaſure any Point between A 
and C, ſuppoſe E, let that be the fix'd 


Point, and apply the Weight to the Lever, 
ſo that the Center of Gravity of the 
Weight ſhall lie perpendicularly over the 
Extremity of the Lever A, and let the Line 
of Direction of the Power at B, make 
a right Angle with the Lever. This done, 
I ſay, the given Power ſhall move the gi- 


ven Weight. | 


For by Conſtruction the given Power is 


| to the given Weight as AC to CB: But 


the Proportion of AC to CB. is greater 
than the Proportion of AE to EB. There- 
fore the Proportion of the Power to the 
Weight is greater than the Proportion of 
of AE to EB. Conſequently (by 5: 10) 
the given Power is greater than another 
Power that ſhall have the ſame Proportion 


to the Weight, as AE to EB. But by the 


firſt. 
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firſt Propoſition this laſt Power, applied to 
B at right Angles, will ſuſtain the Weight 
gravitating upon A. Therefore, by the 
6th Axiom, the given Power, which is 
greater, will move the Weight. We have 
found therefore a fix'd Point, upon which 
the given Lever being ſuſtain'd, the given 
Power ſhall move the given Weight. SEI. 


SOCHOLIU M. 
When the Weight is very large in Com- 


pariſon of the Power, unleſs the Lever be 


allo very long, the fix'd Point, determin'd 
by the preceding Propoſition, muſt of Ne- 
ceſſity fall ſo very near to the End of the 


Lever, that it will not ſenſibly differ from 


the End it ſelf, whence it is evident, that 
tho' the foregoing Propoſition be indeed 
moſt ſtrictly true, it cannot however al- 
Ways be reduc'd to Practice. As Archimi- 
des therefore could not but know, that ic 
Was proportionably much more difficult to 
move the whole Body of the Earch, than 
any part of it how large ſoever with re- 
ſpect to our ſelves; ſo it is not probable 
that he ever thought of performing that 


Propoſition by the help of the Lever, 


wherein he propos'd to move the whole 
Earth, provided there were but one ſingle 
fix'd Point given; but it is much more 
probable that he intended to make uſe 
of ſome other Machine which we are ig- 
%%% 70) 9p 0 BO 
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If a Power moves a Weight by means of a 

Lever, the Ratio of the Space which 
the Weight runs over to the Space which 
the Power runs over will be 775 than 
the Ratio of the Pawgr to the Weight. 


| Uppoſe the Lever AB, ler © be the 


0 fix'd Point, A the Extremity where 
the Weight 1s, and B the Extremity where 


the Power is. Let the Power move che 


Weight, and bring the Lever to the Situa- 
tion ED; whereby the Weight runs over 
the Space AE, and the Power runs over 


the Space BD. I ſay, the Ratio of the 
Space AE to the Space BD is leſs than the 
Ratio of the Power to the Weight. 


For the Power that wwoves the Weight 
mult of Neceſſity be greater than another 


Power ; which being applied at the Extre- 
mity B, only ſuſtains the Weight. Conſe- 


guencly Gy 's : 8) the Reaſon of the firſt 


Power to the Weight is greater than the 


Reaſon of the other Power to the ſame 


Weight: but this other Power is to the 


BE - 


Weight as AG to CB, by the roth Propo- 
ſition. Therefore the Reaſon of the Pow- 


er that moves the Weight to the Weight it 
ſolf, is greater than the Reaſon of AC to 


CB. Now fince the vertical Angles ACE 
and BCD are equal (by 1 : 15.) the Sectors 
ACE and BCD will be ſimilar. There- 
fort, as AC is to CB, ſo is the Arch AE 
1 CCC ee Ti” „ e 
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to the Arch BD. Therefore the Reaſon 
of the Power that moves the Weight, to 
the Weight it ſelf is greater than the Rea- 
ſon of AE to BD: Or which is the ſame 
thing, rye Reaſon of the Space AE which 
the Weight runs over, to the Space BD 
which the Power runs over, is leſs than 
the Reaſon of 'the Power to the Weight. 
Senn ot IL 5 


Scholl uu. | 
You ſee therefore, that if a Power by 
means of a Lever moves a certain Weight 
which it could not move without the Le- 
ver, it does alſo in Proportion make ſo 


much the more Way. As if a Power of 


10 Pounds moves a Weight of 100 Pounds, 
which is ten times the former, ic will alſo 
make ten times as much Way. Whence it 
follows, that if we ſuppoſe the Power to 
move always with the ſame Velocity, it 
will be ten times longer in moving the 
Weight by the Aſſiſtance of the Lever, 
than ic would be if it could move that 
Weight without the Aſſiſtance of the Le- 
ver. This perhaps may make it ſeem that 
the Lever were uſeleſs, and that it might 
do as well to divide the Weight into ſeve- 
rat Parts equal to the Power, and fo lift 
them one after another; or elſe to lift the 


whole Weight at once by ſeveral Powers, 


which when added together may be equal 


to it. But beſides that there are ſome 
Weights which cannot be divided, and 
ſome to which ſeveral Powers cannot be 


applied at th 


E 4 quently 


ſame time, and even fre- 
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quently we have no more thin One Power 


to uſe; we have this Advantage however 


in making uſe of the Lever to remove a 


Weight all at once, That we are not obli, 
ged to loſe Time by going. back again 


everal times, as we are pblig'd to do when 


the Weight is divided into ſeveral Parts, 


which we are to carry one after another, 


PROP. XIV. 


The Maguitude and. Poſition of 4 Piece of 
Timber, and the Forces of the Powers 
that ſuſtain it, together with the ſeveral 

Places and Applications of thoſe Powers 
being given; the Weight which each 

Power ſuſtains is alſo given, and conſe- 
quent the whole abſolute Gravity of the 

iece of Timber. 


L ABCD repreſent a Piece of Tim- 
ber, being a ſolid Rectangle, homo- 
geneous and of equal Thickneſs. Ler the 
Length AB or DC, and the Thickneſs 
AD or BC be given, together with the 
Situation, that is, the Angle which the 


Length AB makes with the Horizontal 


Line FB, upon which Line the Point B 


reſts. At the Point D let there be applied 
two given Powers, whole Lines of Dire- 
tion DF, DG, make given Angles with 


the Length DC. At H, the Center both 


of Magnitude and of Gravity, let there 
be applied another given Power, whoſe 
Line of Direction HI is perpendicular to 


the 


QA 2 hy, 7) 4 a pa, Y OY bang „„ Wl Lt ee 4 en 2 


— 8 
2 


A Treatiſe of Mechanicks. 
the Horizon. And laſtly, at the Point L, 


in the middle of the Length DC, let there 
be alſo applied a given Power, whoſe 


Line of Direction LM makes with the 
Length the given Angle MLC. I fay 
then, that the Gravity of that Part of the 


Piece of Timber which each Power ſuſ- 
tains, and conſequently the Gravity of the 


whole Piece of Timber are given. 
From the Point B to the Points D and 


L, draw the Lines BD and BL, whereof 


the firſt ſhall paſs thro the Center of Gra- 


vity H, and ſhall be cut by it in two equal 


Parts. Prolong IH till it meets with the 


Horizontal Line at the Point P. And 
from the Point B draw the Lines BN, BO, 


perpendicular to DG and LM. Laſtly, 
imagine the whole Gravity of the Piece of 
Timber to be taken away, and transferr'd 


to the Center H. All this being done and 
ſuppos d, I ſay, the Piece of Timber will 
be the ſame with a Lever of the ſecond 


ſort, whoſe fix d Point is B. The Line 
BP ſhall be the Perpendicular Diſtance 


both of the Weight of the whole Piece of 


Timber, and alſo of the. Power whoſe 
Line of Direction is HI. The Line BA 
ſhall be n Diſtance of the 
Power who 


Diſtance of the Power whoſe Line of Di- 
rection is DG. Laſtly, the Line BO ſhall 
be the perpendicular Diſtance of the Pow- 
er whoſe Line of Direction LM. 


This Preparation being alſo ſuppos d, 


ſince in the Triangle ABD the two * 
EN EY Tr net | 22 | | A 


e Line of Direction is DF, 
The Line BN ſhall be the perpendicular 
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38 A Treu of Mechanichs. 
BA and AD are given, together with the 
right Angle BAD, it follows, that the An- 
gle ABD and the Line BD are alſo given, 
and conſequently BH, the half of BD. 


And ſince the Angle HBP is compos'd of 
two given Angles, it will alſo it ſelf be 


given. So allo, ſince in the Triangle BCL, 
the two ſides BC and CL, with the right 
Angle BCL are given, the Line BL and 
the Angle BLC are alſo given. Moreover, 
ſince in the Triangle HBP, the Line HB 
and the As HBP, together with the 
right Angle HPB are given, the Line PB 
is alſo given. So alſo, ſince in the Tri- 
angle BDN there are given the Line BD, 


BDN, compos'd of the two given Angles 
ND C and CDB (by 1: 29) equal to DBA; 
it follows, that the Line BN is alſo given. 
Laſtly, ſince in the Triangle BLO there 
are given the Line BL, the right Angle 
BOL and the Angle OL B, compos'd of the 
two given Angles OLC and CLB; it fol- 
lows, that the Line BO is alſo given. 


by the tenth Propoſition the Power whoſe 
Line of Direction is ADF, is to the Part 
of the Weight which it ſuſtains, as the 
4 of the Weight to the Diſtance of 
the Power; that is, as BP to BA: And 
ſince of theſe 

three are already known, vix, the Force 
of the Power, the Diſtance Bp, and the 
Diſtance BA; it follows, that the fourth, 
that is to ſay, the Part of the Gravity of 
the Fiece of Timber which this Power 
ö us To ſuſtains, 


the right Angle BND, with the Angle 


All this therefore being ſuppos'd, ſince 


four proportional Quanricies 
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ſuſtains, is alſo given; which is one of 
the things that were to be demonſtrated. 
So alſo, ſince the Power Whoſe Line of 
Direction is DG, is to the Part of the 
Weight which ic ſuſtains, as Bp to PN; 
and fince three of theſe four proportional 
Quantities are given ; the fourth, thar is 
to ſay, the Part of the Gravity of the Piece 
of Timber which this Power ſuſtains, is 
alſo given; which is another of thoſe 
things that were to be demonſtrated. 
Moreover, ſince the Power whoſe Line 
of Direction is LM, is to that Part of the 
Gravity of the Piece of Timber which it 
ſuſtains, as BP to BO; and ſince three of 
thoſe four proportional Quantities are gi- 
ven; the fourth, that is to ſay;thePart of the 
Gravity of the Piece of Timber which this 
Power ſuſtains, is alſo bod, which is 
alſo another of thoſe things that were 
to be demonſtrated. l 
As to that Part of the Gravity of the 
Piece of Timber, which the Power whoſe - 
Line of Direction is HI ſuſtains ; it is 
evident, by the ſeventh Definition, thar it 
muſt be equal to the Power it ſelf, and 
therefore that this Part is alſo given; 
which is alſo another of thoſe things that 
were to be demonſtrated. 
Laſtly, the whole Gravity of the Piece 
of Timber being equal to rhe Sum of the 
ſeveral Gravities of all its Parts which are 
given, it is evident that the whole Gravi- 
ty is alſo given ; which is the laſt thing 
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Of the PULLY. 
PN OP. XV. 


In the ordinary Uſe of Tackles, every upper 


Pull is equivalent to a Lever of the firſt 
kind, and every lower Pally is equivalent 
to 4 Lever of the ſecond kind, 


1 ET ABC, ETG, and HII. be three 


3 Pullies, faſten d in their Blocks by 


the help of Axels paſſing thro their Cen- 
ters DM and N. The Blocks of the two 


upper Pullies being hung upon ſomething 


that is fix d, hy means of a Hook at B, 
thoſe two Pullies will only be moveable 
about their Centers: But as to the lower 
Pully HIL, beſides its being moveable a- 


bout its Center, it may alſo, having a2 


Communication with the upper Pullies by 
means of the Line or String IGFEHLC 
BAP, either aſcend or deſcend, according 
as the End of the Line P is either drawn 
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on both Sides by the Points of the Cir- 
cumferences of the Pullies where the 
Strings begin to touch; which Lines (by 


3: 18.) will therefore be perpendicular in 


thofe Points to the Strings. It is farther 
to be obſerv d, that all thefe Strings would 
ſtill produce the very ſame Effect, tho 
there were nothing remaining of all the 
Pullies but the Lever ADC, EMG, HNL, 
at the Extremities of which the Strings 
were faſten d. Now: ſince in the Line 
ADC there is a fix'd Point, viz. D. be- 
tween the Extremity A, where the Power 
is applied, and the other Extremity C 
where the Part of the String CL is applied, 
which being drawn downwards by the 
Weight Q, is equivalent to a Weight : So 


alſo, ſince in the Line EMG there is a fix'd 


Point, viz. M, between the Extremity E, 
where the part of the String EH is applied, 
tending downwards by Virtue of the Pow- 
er at P; and being therefore in the Nature 
of a Power, and the other Extremity G 
where the part of the String Gl is apply'd 
drawn downwards by the Weight Q, and 
being therefore in the Nature of a Weight: 
It is evident, that theſe upper Pullies are 


equivalent to the Levers of the firſt ſort. 


BED. | | 


Again, it is to be obſerv'd, that if there 


were nothing remaining of the lower Pul- 


ly but the Line HNL, the Effe& of the 
Machine would however be juſt the ſame 
as it was before, provided the Strings and 
the Weight were ſtill applied, as they now 
are, at the Points HN and L. Now in _ 

. aſe 
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Caſe the Extremity L, which by Virtue of 


the Power at P tends upwards, is it ſelf in 


the Nature of a Power; and the Point H, 


upon which the Line LH is ſupported, is 
in the Nature of @ fix'd Point; and the 


Weight Q does really gravitate upon the 


Point N, which is between the two Extre- 


mities : And therefore the Line HNL is a 
Lever of the ſecond fort, Whence it fol- 


lows, that the lower Pully is equivalent to 


a Lever of the ſecond ſort. QED: 
e 
As in the upper Pullies the fix'd Points 
divide the Levers in two equal Parts, and 
ſo the Diſtance of the Power is equal to 
the Diſtance of the Weight, ſo it follows, 
by the xoth Propoſition, that if a Power 
ſuſtains a Weight by the help of a Pully of 
the ſame Nature with the upper Pullies, 
the Power muſt be equal to the Weight 
which it ſuſtains, FC 
Thus if ABC be 2 Pully whoſe Block is 
faſten'd by the Hook at B upon any thing 
that is fix'd, and if a Power applied at the 
End E of the String EABCF ſuſtains the 
Weight G, hanging at the other End of 
the String F: As in that Caſe the Diſtance 
of the Weight, CD, is equal to the Di- 
ſtance of the Power, AD; ſo it follows, 
that the Power is equal to the Weight. 


Again, let ABCD repreſent a lower 
Pully, fix'd into its Block in which it is 


movable about its Center E, from whence 


the 


we did before, the Weight Q ſu 


A * 5 Achat, 


the Weight F bangs, and upon which it 
gravitates. Let us ſuppoſe this —_—_ 
to be ſuſtain'd by a Power applied at G 

one End of the String GDCBH, the other 
End H being made faſt to ſowething that 


is fix d: This ſuppos'd, as the Diſtance of 


the Weight EB is —— half the Diſtance of 
the Power DB; ſo it follows; that the 
Power 1s but half the — 


PROP. XVI. 


hen 4 Power ſi uſt ains 4 Weight by the 
bel f . Pallies all the We 


Vrain d. 


are equally 


BET us reſume the Figure of the * 
going Propoſition, and 3 poſe, as 
ai 


ind by 
the Power at P. I oy.” the Strings AP, 


EH, GI and CL are <qually ſtrain d. To 
rove this, If we conſider firſt of all the 


rings AP and CL, applied to the Extre- 


mities of the Lever AC, whoſe fix d Point 
is D, equally diſtant from the Extremities 


A and Q, it is eaſy to perceive that if one 
of theſe Strings were ſtrain'd more than 
the other, it would have more Force to 


draw che End of the Lever on that ſide 


to which it is apply'd, than the other 
String would have to draw the other End 


of the Lever ; whereby it would cauſe the 
Pully ABC, and by Conſequence all the o- 


ther Pullics, to turn round: Whence it 
would follow, that the Weight Q muſt 


move, 
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A Treatiſe of Methanichs. 
move, contrary to the Suppoſition. We 
conclude therefore, that the Strings AP 


and CL are equally,ſtrain'd. ; 
If we conſider, ſecondly, the Sirings 


CL and EH, apply'd to the Extremities 


of the Lever HL, by means of which it 


bears a Weight hanging at the Point, e- 


qually diſtant from the Extremities H and 
L ; it is here alſo eaſy to perceive, that if 
one of the Strings were more ſtrain'd than 


the other, it would have more Force to 


draw the End of the Lever to which it is 


apply'd, than the other Srring would have 


to draw the other End of the Lever ; where- 
by it would incline the Lever, and by con- 
ſequence turn round the Pully HIL, and 
at the ſame time move the Weig he Q, 
contrary to the Suppoſition. We cle: 


therefore, that the Strings GL and EH are 


equally ſtrain d. 


If we conſider laſtly the Strings EH and 


GT applied to the Extremities of the Le- 
ver EG, whoſe fix'd Point M is equally 
diſtant from the Extremities E' and G: 


We ſhall here alſo eaſily perceive, that if 


one of the Strings were more ſtrain'd than 


the other, it would have more Force to 
draw that End of the Lever to which it is 
apply d, than the other String would have 


to draw the other End, whereby it would 
cauſe the Lever to move, together with 


the Pully and the Weight Qüat the ſame 
time, contrary to the Suppoſition. We 


conclude therefore, that the Strings EH | 


and Gl : are — ſtrain d. 
5 When 
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When a Power therefore ſuſtains a 


Weight by the help of ſeveral Pullies all 


the Strings are equally ſtrain d. ED. 


__ CororrLaxy. 
From this Propoſition it evidently fol- 


lows, that all the Strings which are ap- 


ply'd to the lower Pullies bear an equal 
Part of the whole Weight. | 


= +... 
If a Power ſuſtains a Weight by the help of 


ſeveral Pallies, the Power will be to the 
Weight, as Unity to the Number of 
Strings applied to the lower Pullies. 


the 15th Propoſition ; and ſuppoſe, 
that a Power at P ſuſtains the Weight Q 
by means of the. Pullies ABC, EFG, and 


HIL. I ſay, that the Power at P is to the 


Weight at Q, as Unity to the Number of 
Strings applied to the lower Pully: That 
is, in the Machine of the Figure, as chere 
are three Strings applied to the lower Pul- 
ly, and as Unity is the third Part of 
Three, ſo the Power at P is the third Part 
of the Weight Q. 


For by the Corollary of the preceding 


Propoſition, the Strings applied to the 
lower Pullies ſuſtain equal Parts of the 
Weight Q. Hence it follows, that the 
String CL bears the Burden of juſt the 
third Part of that Weight, and draws the 
* Extremity 
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Extremity C to the Lever AC, with 2 


Force equal to the third Part of the Weight 
Q. But by the Scholium of the 15th Propofi- 


tion, the Power at P N to the Extre- 


mity A of the Lever AC, is equal to the 
Weight which draws the other Extremity 


C of the ſame Lever. The Power at P is 


juſt the third Part of the Weight Which i it 


ſuſtains. JED. 


COROLLARY E 
From this Propoſi tion it evidently fol- 


lows, that if there is given the Number of 


the Strings applied to the lower Pullies of 
; Machine, by the. help, of which a Power 

uſtains a given Weight, the Power it ſelf 
is eaſily found; for it ſhall be the ſame 
Part of the Weight, as Unity is of the Si- 


ven Nutber of rhe Strings, 


Cox ob. II. 


It piainty follows likewiſe Fm heper, 
chat the Burden born by the fix d Point to 
which the Hook B is made faſt, is equal to 
the Gravity of the Weight Q; together 
with the I of the Power that ſa- 

or the Power gravitates juſt ſo, 
much upon the String, as a Weight which 
was equal to it would do; the Gravity of 


which added to the Gravity of the Weight, 


would, as is evident, compoſe the whole 


Burden of the fix d Point. | 


Scfholrlu x. 


Wich regard to common Uſe however it 
muſt. be obſerv'd, that ſomething farther 
| 1s 


3 8 2 


* 
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is to be conſider d. For as the Pullies and 
Strings that we make uſe of are themſelves 
alſo heavy, and a part of the Power muſt 
therefore be employ'd in bearing em; ſo 
we cannot determine the exact Quanti- 
ty of the Power without ſuppoſing the 
Weight to be greater than really it is, 
by the Quantity of the Gravity of the 
lower Pullies and their Blocks, together 


67 


with the Gravity of the whole String, ex- 


cepting only ſo much of it as lies upon the 
upper Pullies, and twice ſo much as hangs 


down from that upper Pully to which the 


Power is applied. : | 

Thus if we imagine the Figure to repre- 
ſent fuch Pullies, Blocks and Strings as are 
material and heavy, we muſt then make 
our Computation, as if the Weight Q were 
heavier than it really is, by the Quantity 


Fig. 45d 


of the Gravity of the lower Pully and its 


Block, together with the Gravity of the 


whole 78 excepting however the Parts 
ABC, EFG, which lie upon the upper 
Pullies, and which the Pullies themſelves 
ſuſtain ; as alſo the part AP, and that 
which is equal to it, CR, which are to be 
look'd on as void of all Gravity, becauſe 


they are in Equilibrio and mutually ſupport 


and hinder each other from deſcending. 


Farther, as the Strings or Ropes ate never 
perfectly ſupple, but are always in ſome de- 
gree ſtiff and unapt to bend; ſo thisStiffneſs, 
which is a Hindrance to the Motion of the 


Machine, muſt alſo be accounted for: As 


alſo the rubbing of the Axels or Pins of the 
Pullies. The Power therefore muſt be 
| 1 augmented 


Fig. 45+ 


the Weight runs over, to the Space which 
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augmented by the Quantity of ſuch 2 


Force as is neceſſary to overcome theſe 
Obſtacles ; without which a leſſer Power 
would be ſufficient to ſuſtain the Weight: 


But then, to determine the Burden ſup- 
ported by the fix d Point, we are not to re- 
gard either the Stiffneſs of the Ropes, or 
the Rubbing of the Axels and Pins, be- 


cauſe theſe things do not gravitate at all. 
But we muſt add together the Weight or 
Force of the Power at P, the Gravity of 
the Weight Q, and of the whole String, and 


of all the Pullies, both upper and lower; all 
which are moſt certainly ſupported by the 


'fix'd Point. 


„NO. XVIN. 3 


If a Power moves a Weight by the help of 
; feveral Pullies, the Ratio of the Power 
to the Weight will be greater than that 
of the Space which the Weight runs over, 
to the Space which the Power runs over; 
or greater than the Ratio of Unity to 
the Number of Strings applied to the 


lower Pullies, 


T. ET us reſume again the foregoing Fi- 


LL gure, and let us ſuppoſe that a Pow- 


er applied at P, and drawing the String to- 
wards S, moves the Weight Q from O to- 


wards G; that is to ſay, upwards. I ſay, 
the Ratio of the Power to the Weight ſhall 


be greater than that of the Space which 


| the 


"40 2 8 


} 
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the Power runs over. For in order to 
move the Weight thro' any certain Quan- 


tity of Space, it is neceſſary that every one 
of the Strings applied to the lower Pullies 
be ſhorten d by an equal Quantity; and 


conſequently that all the Strings together 
be ſhortened by a certain other Quantity, 


to which the former Quantity has the ſame 


Proportion as Unity to the number of 


Strings applied to the lower Pullies. But. 


this cannot be done, unleſs the Power at 


P draws alſo to that ſide ſo much of the 


String as is equal to the ſecond Quantity 
above mentioned, and runs over conſe- 


quently a Space equal to the length of the 


String which it draws. Tis evident there- 


fore, that the ſpace which the Weight 


runs over is to the Space which the Power 


runs over, as Unity to the number of 
Strings applied to the lower Pullies. But 
by the foregoing Propoſition, a Power at 
P which only ſuſtains the Weight Q, ſhall 
be to the Weight in that Proportion: and 
therefore, ſince the Power that moves the 


Weight muſt be a little bigger than that 


Which barely ſuſtains it; ſo it muſt alſo (by 5 


5: 10) have a greater Proportion to the 


Weight than that Power which only ſuſ- 


tains the Weight. Whence it follows, that 


the Power applied at P, and moving the 
Weight Q, has a greater Proportion to the 
Weight, than the Space which the Weight 
runs over, has to the Space which the 
Power that moves it runs over, AED. 


* SCH o- 
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SCcHoLIUM |. 


To make an exact Calculation of the 
neceſſary Quantity of the Power in the or- 
dinary Uſe. of Pullies, let it be obſerv'd 
that the Power muſt have Force enough to 
ſuftain or lift the Gravity of the Weight, 
and of the lower Pullies, and of their 
Blocks; together with that part of the 
String which we have above deſcrib'd ; as 
alſo to overcome the Reſiſtance which the 
Unpliableneſs of the String, and the Rub- 
bing of the Axels and Pins make to the 
Movement. For it is certain, that all 
theſe things ſhare out the whole Force of 
the Power between em, and that ſome 
Part of the Power is ſpent and employ d 
upon each of tle. 180 20 

As the Reſiſtance which the Stiffneſs of 
the Rope or String, and the Rubbing of 

the Axels and Pivots make to the Motion, 
is partly occaſion'd by the Bigneſs of thoſe 
things; ſo it is alſo evident, that that Re- 
ſiſtance will be partly avoided by making 
the String, the Axels and the Pivots as 
ſmall and as fine as may be, and hang em 
in Blocks as thin and as light as poſſible. 
And as a String is more eaſily bent to a 
large Circumference than to a ſmall one, 
it is beſt not to make the Pullies very 
Da 

But that which is more material to be 
conſider'd in the making of Pull ies is this, 
That it is much better to make them 10 
Wit! 


. 
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with regard to theif Axels, and to turn 
along with their Axels in the Blocks, than 
to make them movable about their Axels, 
and the Axels themſelves fix d. For beſides 
that by this means a great deal of the Rub- 
bing is avoided, anotllerlh convenience will 
alſo. be avoided; which happens in length 
of Time to Pullies that turn about their 
Axels; which is, That the Holes of the 
Pull ies wearing bigger; the Pullies cannot 
any longer turn about their Centers to 
move the Weight, without bringing the 
fix d Point nearer to the Place where the 
Power is applied, than to the oppoſite 
Place where the Weight is applied, which 
diminiſhes the Force of the Power and en- 
creaſes that of the Weight. 
e + III. 17 | 
By conſidering the foregoing Figure it 
will plainly appear, that if the Power be 
taken away from the Place P where it 
draws downwards, and applied at R where 
it may draw upwards; it would ſtill be 
able to ſuſtain the fame Weight. Whence 
it follows, that the Part of the String 
PABCR, and the Pulley ABC, would be 
intirely ſuperfluous; only thereby we ſhall 
avoid the Trouble and Inconveniencies of 
diſpoſing of the Rope as we draw it to us 
when the Power is plac'd at K. | 
Further, It is to be obferv'd, that if the 
Power was at R, the Burden ſuſtain'd by 
the fix'd Point of the Machine would be 
leſs than what is above ſpecified by the 
Quantity of the Power. For it is very 
EY F 4 CYL 
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evident, that the fix'd Point is diſcharg'd 
of juſt as much Weight when the Power is 


at R, as it is ſurcharg'd with when the 
Power is at P. r 


ee one 2.2: 
Obſerve farther, that if the Power ap- 
ply'd at P were a Man, faſten'd to the 
Earth only 8 own Gravity, his Effort, 
at the greateſt, could be but equal to his 
Gravity; whereas if he apply'd himſelf 


at R, and drew upwards, his Effort might 


be greater than his Gravity, and therefore 


he might be able to move a greater 


* 
« 


Weight than before 


ScuorL V. 
Tho' indeed Pullies are moſt commonly 


us'd in lifting of Weights, they may how- 


ever be alſo Employ'd to move Horizon- 


tally or any other way great Bodies which 


it would be impoſſible to move without 
ſome ſuch Machine. In which Caſe the 


Ratio of the Power to the Weight: is ſtill 


the ſame as we have above determin'd. 


But here it is to be obſerv'd, that if the 
Power has free Room to advance that 


Way, towards which the Weight is to be 
mov'd, it is much better that the ſaid 


Power be apply'd at R than at P, for then 


the Pully ABC is not only of no manner 
of Uſe, but is alſo an Inconvenience and 


a Hindrance, as firft, becauſe jit doubles 


the Cord once more than is neceſſary, and 


ſecondly becauſe the Rubbing of its Axel 


or Pins will ſpend ſome part of the Power. 


— 


Howſoever Pullies are us d, whether Rg. 48. 
in lifting Bodies, or Moving em in any 
other manner, it is to be obſerv'd that the 

Diſpoſition of the Pullies themſelves and 
of the Power may be diverſify'd ſeveral 
Ways. For Example, the Pullies may be 
ſo plac'd that the firſt ABCD ſnall carry 
the Weight E hanging upon its Block, 
and ſhall it ſelf be carry'd by a Cord, one 
End of which F is Faſten'd ro ſomething 
fix'd, and the other End G to the Hook of | 
the Block of a ſecond Pully GHIL. A- 
gain, this ſecond Pully mah; more upon 
a Cord, one End of which M is faſten'd 
to ſomething fix d, and the other End N 
to the Hook of the Block of a third Pully 
NOPOQ, which third Pully may alſo run 
upon a Cord, one End of which R is 
faſten'd to ſomething fix d, and the other 
End S held by a Power which pulls up- 
wards. Now in all this there is no man- 
ner of Difficulty, for it is clear from what 
has been Demonſtrated, that if the Gravity 
of the Weight E, and of the Block of 
the firſt Pully ABCD, and of the Cord 
F RBCDG be added together, the Half of 
that Sum is ſuſtain'd by the Hook G of the 
ſecond Pully GHIL. So alſo if the Gra- 
vity with which the Hook G is charg'd, 
and the Gravity of the Pully GHIL, and 
of the Cord MLGHN be added together, 
the Half of that Sum is ſuſtain'd by the 
Hook N of the Pully NOPQ. A - 
| che 
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Fig. 45. 


in Proportion to the Weight as Unity to 
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the Burden of the Hook N, the Gravity 


of the Pully NOPQ, and of the Cord 
RONOsS be added together, the Half of 
that Sum will be {uftain'd by the Power at 


8, and Conſequently the Power at S ſhall 
be equal to half that sum. 

Lou ſee alſo from what has been De- 
monſtrated, that in order to make the 
Power at 8 lift the Weight E to any 
Height, the Hook G to which thie Cord 
of the firſt Pully is faſten d, and Conſe- 
quently the Pully GHIL muſt move double 
that Space; which however cannot be 
done unleſs the Hook N and the Pully 
NOPQ., move twice the double, that is the 
Quadruple of that Space; which alſo is 


impoſfible, unleſs the Power at S moves 


twice the Quadruple of that _ chat 1 is 
Try Ti imes as ehe 


Son. vi. 


"Ja the ordinary Diſpoſition! of Pullics, 
as is here repreſented, let us Suppoſe the 
Weight as before hanging upon the Hook 
O, but the End of the Cord P faſten'd to 
ſomething fix d, and the Power which 
ſuſtains the Weight to be applied at B. In 
this Caſe the fix d Point P is Equivalent 
to the former Power. Whence it plainly 
follows, that the Power at B is charg'd 
with the ſame Burden that the Hook B was 


charg'd with before. The Power at B 


therefore is equal to the Sum of the 
Weight, and another Quantity which is 


the 
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the Number of Strings applied to the 
lower Pullies. But if now a Power apply d 
in that Manner ſhould pull upwards and 
make the Weight aſcend, the Space which 
the Weight would go thro would be equal 
to the Sum of that Space which the Power 
would go thro', and another Space whicly 
ſhall be fuch a Part of the former as Unicy 

is of the Number of Strings applied to 
the lower Pullies. For tho' none of the 
Strings were at all contracted, tis moft 
certain however, that the whole Machine 
being mov'd entire, the Hook O to which 
the Weight is faſten'd would afcend juſt 
as much as the Power at B did: But as 
the whole Machine cannot be lifted up 
without lengthening the Part of the String 
AP: byö as mach as the upper Pullies are 
rzisd Higher, it fofſows that all the Strings 
apply'd to the lower Pully taken together 
muſt be made ſhorter by the ſame Quan- 
tity, and that therefore each of them 
ſingly muſt be made ſhorter by ſuch 4 
Patt of that Quantity as Unity is of the 
Number of Strings; which confequetitly 
muſt alſo move the Weight juſt to much. 


 Sexor. VIII. 


Keeping the fame. Diſpoſition of the 
Pullies, and the fix d Point remaining at 
B. We may imagine the Weight to hang 
at the End of the Cord P, and the Power 
to be at O where it draws downwards. In 
this Caſe all that is to be conſidered is, 
that what was before ſpoken of the Fs 
ma 


Eg. 49. 


Power. 
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muſt now be applied to the Weight, and 
what was fpoken of the Weight, to the 


8 RO. N. 
There will be no more Difficuley, if we 


place the fix d Point at O, the Weight at 


P, and the Power at B. For we need only 


attribute to the Weight what was before 


attributed to the Power, and argue con- 
cerning the fix d Point juſt as we before 
argued concerning the Weight, and con- 


ſider the Power at B as we before conſider- 
ed zhe * d n 5 


FS & ' £ 
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WHEEL and AXEL. 


PRO P. XIX. 


If «Power. apply to the Che erence 0 
175 Wheel 9 - Cherfers with "4 
Axel about the Center, and having for 
its Line of Direction 4 Tangent to 
that Circumference, ſuſtains a Weight 

hanging by à String which turns about the 


Circumference of the Axel; the Power 


{hall have the ſame Proportion to the 


| Wet ht, as the Radius 4 the a0 has . 


0 the Radius of the Wheel. 


N. the Figu re ABCD is a Wheel well 


faſten'd aer its Axel, the Profile of 


Which Axel is FGH, togecher with which 


it 


C [—'' 
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it turns about the Center E. At the Point 
A of the Circumference of the Wheel is 
apply'd a Power, having for its Line of Di- 
rection a Tangent to the Circumference ; 
which by puſhing or drawing downwards 
ſuſtains the Weight I, hanging at one End 
of a Cord; the other End of which is fa- 
ſten'd to the Circumference of the Axel. 
Iſay, the Power at A ſhall be to the Weight 
I, as EH, the Radius of the Axel, to EA, 

the Radius of the Wheel. | | 
For if we imagine all the uſeleſs Parts of 

the Machine to be taken away, there will 
be nothing remaining but the Line AEH, 
which is a Lever of the firſt Kind ; where 
the fix'd Point is E, .the Diſtance of the 
Power AE, and the Diſtance of the Weight 
EA. Therefore, by the roth Propoſition, 
the Power at A. ſhall be to the Weight I, 

as EFlira EA. o. 


— Scnorium IJ. 


It is eaſy to perceive, that a Power at | 
L, or at any other part of the Circumfe. ; 1 
rence of the Wheel, ſhall produce the ſame 
Effect as if it were applied at A, provided 9 

| 


the Line of Direction be a Tangent to the 
Circumference. For at what Part ſoever 
it be plac'd, imagining the uſeleſs Parts of 
the Machine to be taken away, there will 
always remain a Lever, as LEH; where 
the fix'd Point is E, the Diſtance: of the 
Power is a Radius of the Wheel equal to 
Ef and the Diſtance of the Weight is 


SCHOL, 
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Senor. II. 


Dos the Caſe would be different, if the 
3 of Direction was not a Tangent t to 


the Circumference of the Wheel. For 


then, imagining the uſeleſs: Parts of the 
Machine to be taken away, the perpendi- 
cular Diftance of che Weight is indeed al- 


ways the Radjas of the Axel; but the per- 


pendicular Diſtance of the Power is by no 


means the Radius of the Wheel; inſtead of 
. which, we muſt take for this "Diftance a 


right Line drawn from the Center of the 
Wheel perpendicular to the Line of Dire- 
ction of the Power. Whence it follows, 
that the Power is to the Weight, as che 


Radius of the Axel to that Perpendicular. 


Thus, If a Power applied at the Point L 
of the foregoing Figure has for its Line of 
Direction LM, the perpendicular Diſtance 
would be EM, which comes from E, the 


Center of the Wheel, and falls perpendicu- 


larly upon the Line of Direction LM: And 


conſequently the Power would de to the 
Weight, as EH to EM. 


Snort. III. 


In the Uſe of the Axel and Wheel, we are 
not to conſider the Gravity of the Parts of 
the Machine, at leaſt if it be made true 
and exact: For it is very evident, that all 


the Parts on one, are in Equilibrio with al 
thoſe on the other 


SCHOL. 
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Scnor IV. 


It is certain, that the Rubbing of the 
Pins is an Obſtacle to the Motion, and 
therefore may be taken into Conſideration. 
But that which deſerves more particularly 
to be conlider'd is the Bigneſs of the Cord. 
For the Weight muſt be conceived as ſu- 
ſtain d by a Line paſſing thro' the Middle 
of the Cord: So that to find the true Di- 
ſtance, the Semidiameter of the Cord muſt 
be added to the Semidiameter of the Axel. 
The thicker therefore the Cord is, he more 
that Diſtance is augmented; conſequent- 
ly with the more Force will the Weight 
draw, and the greater Power (cæteris pari- 
but) will be requir'd to ſuſtain it. 


'$Scnos. V. 


From what we have juſt now remark'd 
it evidently follows, that if the Power 
were applied to a Cord which turned a- 
bout the Circumference of the Wheel, the 
perpendicular Diſtance of the Power 
would be compos'd of the Semidiameter of 
the Wheel and the Semidiameter of the 
Cord. Whence we may conclude, that 
the Diſtance of the Power would bewſo 
much the more ſenſibly augmented by the 
Cord, as (the Wheel continuing the ſame) 
the Cord was thicker, or as (the Cord con- 
tinuing the ſame) the Wheel was leſſer. 


PROP. 
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If 4 P ower applied 170 the Cir cumfer eNce of 


a Wheel movable together with its Axel 
about the Center, and having for its Line 


of Direction a Tangent to that Circum- 
ference, ſuſtains a Weight hanging at the 
End of a Rope that winds about the Cir- 
cumference 7 Axel of another Wheel, 


which is likewiſe no otherwiſe movable 


than together with its Axel about the 
Center, and which runs in the Leaves of 
4 Pinion carried about by the Axel of the 
firſt Wheel : In this Caſe, the Proportion 
of the Power to the Weight ſhall be com- 


pounded of the Ratio of the Radius of 
the Axel to the Radius of the ſecond 
Wheel, and the Ratio of the Radius of | 
the Pinion to the Radius of the firſt 


Wheel, 


Fig. 50. A® C repreſents the firſt Wheel fix'd 
| to its Axel, which alſo carries the 


Pinion DEF, and movable about the Cen- 
ter G. D repreſents one of the Leaves of 


the Pinion falling between the Teeth of 


the other Wheel HIK, movable about its 
Center O. One End of the Rope NMLQ 


is faſten'd to the Axel, the other End ſuſ- 


tains the Weight Q; which diſpoſes the 
Wheel HIK to turn round according to 
the Order of the Letters IHK, and con- 
ſequently the other Wheel ABC to turn 


round 


A -_ A, a, Mo 2& ſl „ „„ thy 9 hy ey if of | = thts mo = my, a 
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round according to the Order of the Let- | 
ters ACB. And laſtly, at the Point A, in 
the Circumference of the Wheel ABC, let 
there be applied a Power according to the 
Dire&ion of the Tangent AP, ſuſtaining 
the Weight Q and hindering its Deſcent. - 
In this Caſe, I fay, the Proportion of the 
Power to the Weight, is compounded of 
the Ratio of the Radius of the Axel OL., to 
the Radius of the Wheel OH, and the Ratio 
of the Radius of the Pinion GD, to the Ra- 
dias of the other Wheel GA. So that, for 
Example, if the Radius of the Axel were 
the fourth Part of the Radius of its Wheel, 
and the Radius of the Pinion were the ſixth 
Part of the Radius of its Wheel ; the Power 
would then be one fourth of one ſixth Part, 
that is, one twenty-fourth Part of the 
Ws. : „ 
For if a Power were applied at the Point 
H in the Circumference of the Wheel 0 
HIX, fo as to ſuſtain the Weight Q by 
puſhing towards C, then by the laſt Pro- 
poſition that Power wou'd be to the Weight 
as OIL. the Radium of the Axel to OH the 
Radius of the Wheel. Hence it follows 
that the Weight Q diſpoſes the che fp 


rence of the Wheel HIK, and at the ſarye 
time the Circumference of the Pinfon 
DEF, to move with a Force equal to that 
with which it wou'd be diſpos'd to move. 
if it ſuſtain'd a Weight as much leſs than 
Q as OL is leſs than OH, that is (accor- 
| ding to our preſent Suppoſition) if it ſu- 
ſtain'd a Weight that was equal to the 
| FF 4th part of Q. So likewiſe if to the Wheel 
= | =" "nl ABC 
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Ah there were applied at the Point A a 


Power drawing towards P, and thereby 
ſuſtaining the ſaid fourth part of the 
Weight Q, the Proportion of ſuch a Pow- 


er to that fourth part of the Weight Q 
wou'd be as GD, the Radius of the Pinion, 


to GA, the Radius of the Wheel; that is, 
according to what we have ſuppoſed, it 
wou'd be 2 ſixth part. This Power there- 
fore wou'd be to the whole Weight 
Q, in Reaſon compounded of GD ro GA 
and OL to OH. That is, according to 
the Suppoſition, it wou'd be the ſixth part 
of the fourth part, or the four and twentieth! 


. part of the Weight Q. LED. 


Sei 


From this Demonſtration it is ealy to 


perceive, Thar if for ſuſtaining the Weight 


Q the Power were apply d to the Circum- 
ference of a third Wheel, that had a Pini- 


on running in the Teeth of the Wheel 
ABC, that Power wou'd be to the Weight 


Q, in Proportion compounded of theſe 
three Ratios, the Ratio of the Radius of the 


Pinion of the third Wheel to the Radius of 


the third Wheel, the Ratio of GD to GA 


and the Ratio of OL, to OH. So that if 
the Radius of the Pinion of the third Wheel 


were the tenth part of the Radius of that 
Wheel, the Power wou'd be the tenth part 
of the ſixth part of the fourth part: That is, 
it wou'd be the two hundred and fortieth 
part of the Weight Q. „ 
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8 We may eaſily pereeive alſo, thät it 

0 wou d be the ſame Caſe; if inſtead of ap- . 1 
| plying the Power to the Circumference of 6 
, 2 third Wheel; it were applied to a Winch, 
s the Leaves of whoſe Pinion ran in the 

6 Teerh of the Wheel ABC, and conſe- 

ir quently that the Power wou'd be to the 

t Weight in Reaſon compounded of the Ra- 

I dius of the Pinion RS to the length of the 

5 part of the Handle TY, together with the 

1 Ratio of GD to GA 


; and LO to HO. 
8 CHO Ls III. 7 
Since a Power which moves a Weight 
muſt of neceſſity be greater than that 
which is able to ſuſtain it only, it follows 
(from 5: 8) that the Power to the Weight 
muſt be greater than the Reaſon com- 
pounded of the ſeveral Reaſons of the Se- 


midiameters of the Axels or Pinions to the 
Semidiameters of their reſpective Wheels. 
. Sewot. IV. 
As the Weight which is ſuſtained or mo- 
ved by the Help of ſeveral Wheels makes 
a very different Inipreflion upon each of 
thoſe Wheels, ſo it is of great Conſequence 
in Practice, to make the Axel, which im- 
mediately bears the Weight; and the 
Wheel which is faſten'd to that Axel, 
ſtronger and more ſubſtantial than any o- 


* 


re o. ee 


. ther of the Axels or Wheels, whicli may 
1 e 8 2 by 
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be made ſo much the lighter as they are 
farther remov'd from that Wheel at whoſe 


o 
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The Number of the Teeth of the Wheels, 
of the Leaves of the Pinions, f any 

Machine being given, to fiud how many 
Turns the Wheel that moves faſteſt will 

male, whilſt that which moves floweſt 
turus only once round. 


ET us caſt our Eye back upon the 
preceding Figure, and ſuppoſe the 
Number of the Teeth of the Wheels and of 


the Leaves of the Pinions there repreſent- 
ed to be given. Let us ſuppoſe, for In- 


ſtance, that the Wheel HIK has 24 Teeth; 


the Pinion DEF 6 Leaves; the Wheel 


ABC 60 Teeth; and the Pinion of the 
Winch (which we are to imagine applied 
to the Circumference of the Wheel ABC) 
6 Leaves. Upon this Suppoſition, we are 
to determine how many Turns the Winch, 
which is here conſider'd as the Wheel that 
moves faſteſt, will make, whilſt the ſlow- 
eſt moving Wheel HIK turns round but 
0 y Ir 01,99 1 
Divide the Number of the Teeth of each 
Wheel reſpectively by the Number of the 
Leaves of each Pinion wich which it turns; 
thus will you have as many Quotients as 
there are Wheels: Then multiply all 1 85 
95 © T3 uQ- 
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Quotients into one another, and the laſt 


Product ſhall be che Number fought. 


Thus in the Caſe propos d: Divide 24, 
I 


the Number of Teeth in the Wheel HI 


by 6, the Number of Leaves in the Pinion 


DEF with which it turns; the Quotient 
will be 4. So likewiſe divide 60, the Num- 


bex of Teeth in the Wheel ABC, by 6, the 
Number of Leaves in the Winch Pinion; 
the Quotient will be 10. Then multiply 
theſe two Quotients into each other, and 
the Product ſhall be 40; the Number of 
Turns that the Winch will make while 


the Wheel HIK is turning only. once.. 


To prove this: Obſerve that whilſt the 
Wheel HIK advances 6 Teeth, the Pinion 
DEF, which has 6 Leaves, and che Wheel 
ABC, which is fix'd ro the Pinion, make 
one entire Turn. But becauſe the Wheel 
HIK has 24 Teeth, therefore as that makes 
one entire Turn,' the Pinion DEF muſt 
make four, So likewiſe whilſt the Wheel 
ABC advances 6 Teeth, the'Pinion of the 
Winch with its 6 Leaves, and conſequent- 
ly the Winch it ſelf to which it is fix'd, 


ſhall make one compleat Turn. But be- 


cauſe the Wheel ABC has 60 Teeth, there- 


fore as that turns once the Winch {hall 


turn ten times; therefore whilſt the Wheel 


ABC makes four Turns, the Winch ſhall 


make forty: But the Wheel ABC makes 
four Turns compleat whilſt the Wheel 


HIK makes but one, as we obſerv'd be- 
fore. It follows therefore, that for every 


9 


üngle Turn of the Wheel HIK, the Winch 


makes forty Turns, EDP. 


1 8 CHOL 


1 
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| Thus having found chat che Winch makes 
forty compleat Turns for every ſingle Turn 
of the Wheel HIK; if you would know 
alſo how much the Wheel HIK advances 
at each Turn of the Winch, it is eaſy to 
conclude from hence, that it advances the 
— Part of its whole Circumfercnce. 
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7 in an Inclin d Plane the Tnclination. of 

the Plaue to the Horizon be equal tg an 
| acute. Angle, which ig made by the Hypo+ 
2 " thenuſo of any 155 440 Triangle with 
us Baſe, and a ſpherical Weight rexding 
to roll upon the Plane be ſaſtained by 4 

Power applied in fach 4 Manner; tha 

the Line of its Direction paſſes throu 
the Center of the N eight parallel to 25 
. Horizon, the Proportion of the Pomer 
0 the N. eight will be as the Perpendicu 
5 * #0 the 1. of: the. Triangle. 


PET. FEH be a Trian e FORAY an 878 

at H, and having its Baſe GH p dy 

ſz! to the Horizon, Thie Me 
e ny & 
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muſe FG there paſſes a Plane, whoſe Incli-- 


nation to the Horizon is the Quantity of 


the Angle FGH, and which at the Point 


D ſupports a ſpherical Weight AB CD 
tending to roll towards G, but that it is 


hindred by a Power applied at A, in the 
Line of Direction AEC, paſſing thro' E, 
the Center of the Weight, and parallel 


both to GH and to the Horizon. This 


ſuppos'd, I ſay, the Power will be to the 
Weight as the Perpendicular FH to the 
Baſe GH. Demonſtration : From the 
Center E to the Point of Contact D draw 
the Line DE, which (by 3: 18) will be 
o the Line EN perpendicular to the Hori- 
zon. This Line ſhall' both be perpendi- 
cular to the Baſe, and alſo be the Line 


of Direction of che Weight ABCD. Laſt- 


ly, from the Point of Contact D let fall the 


Lines DI, DL, perpendicular to the Lines 


EN, EC. e 1155 
I fay then, ſince (by the 4th Axiom) 
the Power acting at A produces the very 


ſame Effect, as ſo ſuſtaining the Weight 
that it would do if it were to act in any 
other Point of its Line of Direction, for 


Inſtance at L; and alſo ſince (by the th 


Axiom) the Effect of any heavy Body, as 
ABCD, will not be chang'd by ſuppoſing 
its whole Gravity reduc'd to the Center E, 


or even to any other Point in its Line of 


Direction, ſuppoſe I. Hence it follows, 


that the Ratio of the Power at A to the 
Weight ABCD is the ſame with that of a- 


nother Power to the ſame Weight; which 


G 4 orher 


erpendicular to the Line FG. Draw al- 
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other Power is applied at L, and ſuſtains 
the whole Gravity of the Weight united in 
the Point I. Now ſince this other Power 
at L might ſuſtain the Weight ar I by 


means of a crooked Lever LDI ; and ſince, 


by the roth Propoſition, the Ratio of the 
Power to the Weight that it ſuſtains would 
be that of DIto DL: Therefore it follows, 
that the Power at A is to the Weight 
ABCD as DI to DL, or to IE, which is 
equal to DL. But the Triangle DEM be- 


ing right-angl'd, and the Line DI being 
let fall from the right Angle D perpendi- 


cular to the Baſe EM, it follows (by 6: 8) 
that the Triangle DIE is ſimilar to DIM; 


which Triangle DIM having the two An- 


gles DIM and DMI reſpectively equal (by 
1: 29, and 1: 15) to the two Angles GNM 


and GMN of the Triangle GMN, it follows 


(by 1: 32) that the Triangle DIM is fimi- 
lar to the Triangle GMN, and conſe- 
quently to FGH, which (by 6: 2) is ſimi- 
lar to GMN. It follows therefore, from 
the Whole, that the Triangle DIE is fimy- 
lar to the Triangle FGH ; and alſo (by 

6: 4) that as DI is to IE, ſo is FH to HG, 
-But we have already proved, that the 
Power at A is to the Weight ABCD as DI 
to IE. Therefore alſo the Power to the 

Weight is as FH to HG. QED. 


 CororLary, 


From this Propoſition it follows, that if 
the Angle FGH be leſs than half a Right 
Hale, chen the Power is leſs than the 


Weise, 
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Weight, becauſe in that Caſe (by 1: 19, 
and 1: 32) FH will be leſs than HG. So 
likewiſe, if the Angle-FGH be equal to 


half a Right Angle, the Power and the 


Weight are equal, becauſe then (by r: 6, 
and 1: 32) FH will be equal to HG. And 


laſtly, if the Angle FGH be greater than 
half a Right Angle, the Power js greater 


than the Weight, becauſe (by x ; 19, and 
1: 32) FH will be greater than HG. 


Wherefore, when the Line of Dire&ion is 


Horizontal or parallel to GH, the Inclin'd 


Plane will be helpful, provided the Angle 


FGH be leſs than half a Right Angle: but 
if it be greater, it will be more difficult to 
ſuſtain the Neg upon the Plane in the 
Manner aforeſaid, than if it were born 
immediately without the Aſſiſtance of any 


- , 


Machine at all. 


 /SCHOLIUM. 
But if inſtead of the Power at A puſhing 


che Body ABCD (as we have hitherto ſup- 


pos d) towards C, we imagine the Point 


C of that Body to be. drawn by a String 


with a Weight P hanging at Liberty at the 
other End; which String paſſing over the 
Pully O, from O to C becomes Horizon- 
tal or parallel to GH: Then as the Weight 
P ought to'be equal to the Power at A, in 
order to produce the ſame Effect; ſo the 


Weight P muſt alſo be to the Weight 


ABCD, as FH to HG. — 
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Bat nom, if the Power he applied in ſuch 4 
Manner that the Line of its Direction 
* paſſes thro' the Center of the Weight pa- 
Tallel to the Hyporhenuſe of the right- 
arg Triangle then the Ratio of the 
pendicular 0 the Hypothenuſe. 


1 | 
4 
275 
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E ſuppoſe here, as in the fore ing 
.' Propoſition, ar the Baſe GH of 
— 


the Triangle FGH is parallel to the Hori- 


on, and alſo that along the Hypothenuſe FG 


chere paſſes a Plane, the Quantity of whoſe 
Inclination is the Angle FGH ; but that 
the ſpherical Weight ABCD touching the 
Plane in D is ſuſtàined by a Power ſo ap- 


AEC paſſing thro the Center E is parallel 
to the Hypotheriufe FG. I ſay then, that 
the Power is to the Weight as en 
ficular FH to the Hypothenuſe FG. 

Demon tration. From the Center E to 


Ae at A, that the Line of its Direction 
f 


the Point of Contact H draw the Line DE, 


"which, Gy 3: 18) ſhall be perpendicular 
to FG. Draw alſo the Line EN perpen- 
dicular to the Horizon: This Line ſhall 
be both Fd to the Horizon, and 
alſo the Line of Direction of the Weight 
ABCD, by the force of its natural Gravi- 
f . Laſtly, from the Point D let fall the 

rpendiculars DI and EN. | . : 


o 
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This ſuppoſed ; as the Power acting at 
A is the very ſame with that which by 
acting in any other Point of the Line of 


Dire&ign, ſuppoſe. at E, ſhould ſuſtain 


the ſame Weight; and alſo ſince the Ef- 


fe& of the Body ABCD will continue the 


very ſame if we imagine all Gravity to be 
united in the Center E, or in any other 


Point of its Line of Direction, ſuppoſe in 
I, it follows that thg Ratio of the Power at 
ARC CD, will be the ſame 


TW A. WM. . & 48 
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that the Triangle DIE is ſimilar to the 
Triangle FGH, and alſo (by 6: 4) that 
as DI to DE, ſo is FH to FG. But we 
have proved already, that the Power at 


A is to the Weight ABCD as DI to DE; 
therefore the Power is to the Weight as 


FH to FG, QED, 2 | 
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From this Propoſition it follows, that 
whatfoever the Angle FOH be, the Pow- 


er, provided its Line of Direction be pa- 


rallel to the Hyporhenuſe, will always be 
leſs than the Weight, becauſe (by 1: 19) 
the Perpendicular PH will always be leſs 
than the Hypothenuſe FG. OO 


It follows alſo from this Propoſition, 
that if inſtead of à Power at A puſhing 
the Body ABCD (as we have hitherto ſup- 
pos d) towards C, we imagine the Body 
to be ſtopp'd and ſuſtain d upon the Plane 


FG by another Plane QR touching the 


Body in A; the Relative Gravity, with 
which that Body ſhall preſs the Plane QR, 
will be to its abſolute Gravity, by which 
it tends to the Center of the Earth, as FH 
to FG. For, by the th Definition, it is 
evident, that the Pre ſſure of the Body 
ABCD againſt the Plane QR is equal to 
the Power at A, ſeeing they both equally 
ſuſtain the Body and keep it from rolling; 
and conſequently they have both the ſame- 
Ratio to the abſolute Gravity of ye Body. 
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SCHOLLIUM I. 

Put if inſtead of the Power at A puſh- 
ing the Body ABCD (as we have hitherto 
ſuppos'd towards C, we imagine the Point 
C of that Body to be drawn by. a String 
COP, with a Weight P hanging at the 
End of it; which String paſſing over the 
Pully O, from thence goes on to C, paral- 
lel to the Hypothenuſe FG. Then as the 
Weight P ought to be equal to the Power 
at A, in order to produce the ſame Effect; 
fo the Weight P muſt alſo be to the Weight 
J FO 7 


„ 
But if inſtead of the String drawing the 


Point C, as was juſt now fuppos'd, we 


imagine another String faſten'd by one 
End to the Point B, being the Extremity 
of the Diameter DEB, and from thence 
paſſing over a Pully, as O, which diſpoſes 


the Part of the String CO in the Situation 
parallel to FG; the other Part hanging down 


with a Weight Pat the End: Then as this 
Weight will be in the Nature of a Power 
whoſe Diſtance is the Line DB, ſo it plain- 
ly follows, that i: will be co the Weight 
ABCD in the Ratio of DI ro DB, or of FH 
to twice FG, Whence it follows, that if 
a Power were to be applied at B to ſuſtain 
the Weight ABCD, it need not be any 
more than half of that which muſt be ap- 


plied at A to produce the ſame Effect. 


Sei 
| 4 


A: e of, eee 


lere it is of importance to remark; 


That of the whole inclined Plane FG there 
is but one Point, vix. D. Now as this 
Point is common to the Plane FG, and to 
the Sphere OD R, whoſe Tangent is FG; 
ſo it follows that if a Power applied at the 
Point A of the Spherical Weight ABCD 
ſuſtains that Weight when it ſtands upon 
the Spherical Body QDR, the Proportion 


of the Power to the Weight will ſtill alfo 


be as FH to FG. 


Scnor, IV. 


/ 


So likewiſe if other Powers are applied 
to as many other ponderous and ſpherical 


Bodies as you pleaſe, ſuch as STVB and 


 XYZT, ſu porting each other as QDR 


2 


ſupports ABCD, provided always that the 
Line of Direction of each Power paſſes 
thro the Center of the Weight to which it 
is applied parallel to FG; there will {till 
be the ſame Ratio between each Power and 


the Weight ir ſuſtains as before, viz. that 
df FH to FG; and conſequently (by 5:18) 


all the Sum of all the Powers to the Sum 


We all the Weights will alſo be as EH to 


..... | BCAA 
Farther we may ſuppoſe, That cloſe by 


the Spherical Bodies ABCD, BSTV,, 
TXYZ, another Range of the like Bodies 


is 


2. dank © 
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is placed in the ſame manner, ſuch as that 
in the Figure compos'd of the Spheres 1; 
2, 3; the firſt of which touches the inclin'd 
Plain FG, and at the ſame time ſupports 
the ſecond, as the ſecond ſupports the 
third. In this Caſe, as it is certain that 
Powers applied to the Points AS and X of 


the former Weights may ſuſtain theWeights 
1, 2, 3, by means of the Diameters AC, 
SV, and XZ; and that the Force required 


to ſuſtain theſe New Bodies is neither 
more nor leſs than was required to ſuſtain 
the former; ſo it is likewiſe undeniably e- 


vident, that the ſame Number of Powers ; 


are neceſſary even in Quantity double to, 


the former, in order to ſuſtain at once theſe 


two Ranges of Spherical Bodies. It fol- 
lows therefore (by 5 : 18) that the Sum of 
all theſe new-Powers to the Sum of all. 
the Weights together, is ſtill in the ſame- 
Proportion of FH to FG. - SY 


If therefore we triple or quadruple or 


multiply as often as we pleaſe the Num- 
ber of the Ranges, it is evident, that the 


Force of the Powers mnſt alſo be multi- 


plied in the ſame Proportion. So that in 


one Word we may pronounce univerſally, 
that whatſoever the Number of Ranges be, 


provided the Spherical Bodies are placed, 
and the Powers which ſuſtain them appli- 


ed according to our preſent Suppoſition, 


there will always be the ſame Ratio as has 


been frequently mention'd between n 
8 Sum 
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Weights, viz. that of FH to FG. 
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Sum of the Powers and the Sum of the 


* 
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© Bur if inſtead of ſuppoſing the Point A 


in the firſt of a Row of equal Spherical 


Bodies, ſtanding upon the inclin'd Plane 


FG, to be puſh'd by a Power with its Line 


of Direction, paſſing thro' the Center of 
the Bodies parallel to FG; if in the room 


ol this, I ſay, we imagine all thoſe Bodies 


to be threaded thro' their Centers with a 
String paſling from C parallel to the Plane 
over the Pully O, and having a Weight R 
hanging at Liberty, faſten'd to the other 


End P; then as the Weight R muſt be 


equal to the Power at A, in order to pro- 


duce the ſame Effect, it follows that this 
Weight will be to all the reſt from A to 


C, as FH to FG. 
Scnot. VIII. 


But if inſtead of imagining the ſmgle 
Weight which hangs upon the Part OP of 


the String, we ſuppoſe ſeveral Weights 
hanging upon the ſame Part of the String, 
as P, Q, each of which is equal to each 
of thoſe that compoſe the Row AC; it is 
evident, that the Sum of the Gravities of 
thoſe ſeveral Weights muſt be equal to the 


Gravity of the /ing!e Weight R hanging at 


the Extremity P, as was ſuppos'd. in the 


laſt Scholium, in order to remain in Equi- 


librio with the former String of Weights 
AC; 


t 


b 
\ 
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AC; and conſequently that the Sum of 
the Gravities of the Weights P, Q, be to 
the Sum of the Gravities of the Weights 
from A to C, as FH to FG. Now 
ſince all the Weights upon both Parts of 
the String are ſuppos'd equal, it is impoſſi- 
ble that the Sum of the Gravities of the 
Weights P, Q, ſhould be to the Sum of the 
Gravities of all the Weights from A to C, 
unleſs the Length of PQ be to the Length 
of AC in the foremention'd Proportion. 

| It is impoſſible therefore, that the Weights 
P, Q, ſhould be in Equilibrio with all the 
| Weights from A to C, unleſs the Lengths 

| PQ and AC be as FH to FG © 


PROP. XXIV. 


If two inclin'd Planes, whoſe Inclinations 
to the Horizon are equal to two acute 
Angles which form the two Sides of 4 
Triangle, having its Baſe parallel to the 
Horizon, ſuſtains two Spherical Weights 
faſten'd together by a String paſſing from 
their Centers parallel to the Baſe of the 
Triangle, and remaining with each other 


5 in Equilibrio; the Ratio of theſe two 
+ Weights will be the ſame with that of the 

1 two Parts of the Baſe divided by a Per- 
b pendicular let fall from the Angle oppo- 
e fite to the Baſe. | 


1 1 the Triangle ABC the Baſe BC is Fg. 56: 
ſuppos d parallel to the Horizon, and 

that thro' its two Sides AB, AC, there paſs 

ts | H | two 
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two inclin'd Planes, the 77 of whoſe 


nclination are the Angles ABC and ACPB. 


2 


It is ſuppos'd alſo that upon theſe two 


Planes are plac d two Weights D and E, 


which being held together by the String 
EG pafling' from their Centers parallel to 
the Horizon, are in Equilibrio. And laſtly 


it is ſuppos d that from the Angle A. oppo- 


ſire to the Baſe BC a Line AH. is let fal 
perpendicular to the Baſe. I ſay, the 
Weights D and E ſhall be as the Segments 
of the Baſe BH and HG. 
For ſince the Weights D and E keep 
each other in Equilibrio, it follows neceſſa- 


is let fall 


— 


rily that the Weight D draws the String 


FG to it's ſide neither more nor. leſs than 
the Weight E does on it's ſide. Wherefore if 


the String were cut aſunder in any Point, 


as I, and the two Parts FI, Gl lengthen d 
ſo as to paſs over the Pully L, the Part FI 
hanging down to N, and GI to M; there 
would neceſſarily be requirf d at the Point 
N, to ſuſtain the Weight G, a Weight 
equal to that which would be requir'd at 
the Point Mito ſuſtain the Weight E: The 
two Weights therefore N and M are equal. 
But by the twenty ſecond Pr poſition, the 
Weight D is to the Weight N as BH to 
AH, Conſequently the ſame Weight D 
is to the Weight Mas BH to AH. Fur- 


ther, by the ſame Propoſition the Weight 
M is to the Weight E as AH to HC. 


Here then we have on the one Hand three 


Weights D, M and E, and on the other 


Hand three Lines BH, AH and HC: And 


rlie three firſt taken orderly by two and 


two 


* 


OT oo. 
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two are proportional to the three laſt, 


therefgre (by 5: 22.) they are alſo pro- 
portional When taken equelly. Wherefore 
n ſos NE to . b. 2 


PROP, XXV. 


But now if the Sering which holds the Weights 


| Fogether were to 152 over 4 WP. which 


ould bend jt in ſuch a Manger, that , 
the Parts * each (i de were para let to 


he inclin d Planes; then the Weights 
he be. Hh 4 b. of "ep 


the Triangle . 
on Which they Staud. 


I uy ppos'd 2 as before parallel to the Ho- 
Eon“ thro' the ſides AB, AC, jet 


there paſs two Planes, whoſe Inclinations 
to the Horizon are the Angles ABC, A 


CB; upon theſe two Planes let the two 
Weights D and E reſt. But now we are 
to imagine the String FG by which the 


Weights s are held together in Equilibrio, to 
aſs over the Pully L, by which it is hope 


in ſuch a Manner that the Part FT is 
rallel to BA, and the Part GT to CA. bis 
ſuppos d, I ſay the Weight D is to the 


Weight E as BA to CA. For ſince the 


Weights D and E keep each other toge- 
ther in Equilibrio, it neceſſarily follows that 
the Weight D draws the String neither 


more nor; leſs towards its ſide, than the 
| | H 2 Weight 


2 


N the Triangle ABC the Baſe BC is Fig. 57. 


| 
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Weight E does towards its fide. Where- 


fore if the String be cut aſunder in any 


Point; as I, and the Parts Fand Gl being 
prolong'd are made to paſs over the Pully 
L, FI hanging down to N and GI to M: 
There will neceſſarily be required at the 
Point N, to Support the Weight D, a 
Weight equal to that which will be re- 
quired at the Point M, to Support the 
Weight E. And therefore D will have 
the ſame Ratio both to the Weight M 


and the Weight N. Now having let fall 


from the Point A the Line AH perpendi- 
cular to the Baſe BC, it follows by the 
twenty fecond Propoſition, that the 
Weight D is to the Weight N, as BA to 
to AH ; where the ſame Weight is alſo 
to the Weight M as BA to AH. Aga, 

18 


by the ſame Propoſition the Weight 


to the Weigt E, as AH to AC. We have 
here therefore on the one Hand three 
Weights, viz, The Weight D, the 
Weight M, and the Weight E ; and on 
the other Hand three Lines, viz. BA, 
AH and AC, which Quantities taken or- 
derly are proportional therefore (by 5 : 
22.) they will be proportional alſo, taken 
equally. Wherefore as the Weight D to 
the Weight E, ſo is BA to CA. QED. 


PROP. 
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y PROP. XXVI. 

N. F an inclin d Plane, the Quantity of whoſe 
3 Inclination to the Horizon, is the acute 
a | Angle which the Hypothenuſe of 4 
e- right Angle Triangle makes with the 
ne Baſe placed Horizontally, ſupports 4 
Ve Spherical Weight ſuſtain d by 4 Power 
M with its Line of Direction, parallel to 
all the inclin d Plane: The Ratio of the 
0 Abſolute Gravity of that Weight to 
"aa the Relative Gravity with which it 
15 preſſes upon the Plane, will be equal to 
fo the Ratio of the Hypothenuſe of the 
n, RightangÞa Triangle to the Baſe. 
is | 8 | 
ve * the Triangle FGH Rightangl'd at H, N. 58. 
ee let the Baſe GH be parallel to the 
he Horizon; along the Hypothenuſe FG let 
on chere paſs an inclin'd Plane, the Quantity 
A, of whoſe Inclination to the Horizon is the 
or- acute Angle FGH ; at the Point D of that 
: Plane let there be plac'd a Spherical 


en Weight ABCD ſuſtain d by 2 Power 

to with the Line of Direction AEC applied 

D. at A, and paſſing thro' the Center of the 

Weight E parallel to FG. This ſuppos'd, 

| I fay that the Abſolute Gravity of the 

Weight ABCD to the Relative Gravity 

with which it preſſes the inclin'd Plane, | | 

will be as FG to GH. 3 $ 

| Demonſtrattion, Imagine the Power at | 
P. A to be taken away, and in the Room of 


H it 


Weight S at the End, which Weight S is 
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latter Plane from any Point t ken at 


* 


S ta 


ing on the inclin'd Plane FH ; we con- 
clude from the ſecond Corollaty of the 23d 
Propoſition that the Abſolute Gravity is to 
the Relative Grayity, with which it preſſes 
the Plane LAON as FG to, FH: So |like- 
wiſe conſid ring the ſame Weights {tand- 
ing upon the anclin'd Plane LAON, we 
Conclude allo from the ſame Corollary 
that the Abſolute Gravity is to the Relative, 
with which it preſſes the ſarface FG, as 
LN to LM. Bur ſince the Triangles LM 
N and FGH are Equiangular, being both 
ſimilar to the Triangle GON, therefore 
(by 6: 4.) as LN to LM, ſo is FG to FH. 
Conſequently the Ratio of the Abſolute Gra- 
vity of the Weight ABCD to the Relarive 
Gravity with which it preſſes the Plane 


FG, will be the ſame as the Ratio of 


FG t AH. © -. 


 ScnoLium l. 


Tf to the Point C we imagine a String 
to be faſten'd, which after having paſs'd 
over the Pully R, ſo plac'd as to keep the 
Part of the String CR parallel to FG, 
hangs down on the other ſide with the 


0 
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to the Weight ABCD as FH to FG: Ir 
would follow by the firſt Scholium of che 
23d Propoſition, that the Weight S would 
ſupply the Place of a Power at A, or of 
the Plane LAON. And would hinder 
the Weight ABCD from proceeding in 
any wiſe towards T, after the Plane LA 
ON was taken- away. So again, if we 
ſuppoſe a String faſten'd to the Point B, 
and after having paſs'd over the Pully P 
keeping its Part BP parallel to LN, to 
hang down on the other ſide, having ar 
the Extremity the Weight Q, which. is in 
Proportion to the Weight ABCD, as LM 
to LN; it will follow from the ſame Scho- 
hum, that the Weight Q may ſupply the 
Place of the Plane FG, and equally hin- 
der the Weight ABCD from proceeding 
towards V upon the removal of: the Plane 
FG: Thus the Weight ABCD would re- 
main ſuſpended by the two Strings PB 
and RC. This ſuppos'd, we eaſily prove 
that the Weight Q is to the Weight 8, as 
GH to FH. For by Suppoſition the Weight 
Q is to the Weight ABCD as LM is to 
LN, that is (by 6: 4.) as GH to FG. 
Moreover the Weight ABCD is to the 
Weight as FG to FH, here therefore we 
have ſix Quantities. . # 
Firſt, Three Weights; the Weight Q, 


the N ABCD and the Weight S. 


Secondly, Three Lines; viz, GH, FG 


and FH. Which Quantities taken orderly 
are Proportinal, therefore (by 5: 22.) 
they will alſo be Proportional when taken 


equally, Wherefore as Q to 8, fo is GH 


18 H 4 SCHOL. 
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8 Ol. II. 
Obſerve here, that the Power which 


we ſuppoſe at A, or the Plane LAON 
that was plac'd in its ſtead, do not make 


the Body gravitate ever the more or: lefs 
upon the Plane FG; but that they only 
ſerve in helping us to conſider the Weight 
ABC Cb as gravitating upon one ſingle Point 


of the Plane. And therefore, tho we 


ſhould ſuppoſe the Weight, all Obſtacles 
remov'd, to Roll freely upon the inclin'd 
Plane FG; it will be then true indeed, 


that it will gravitate Succeſſively upon all 
thoſe Points of the Plane over which ir 
Rolls, but ſtill the Ratio of the Abſolute 


Gravity to the Relative Gravity with which 
it preſſes the Plane in any Point where it 
is found to be in any Inſtant of Time, will 


nevertheleſs always be the ſame as that 
een 


Corotitary H 
Hence we may Conclude, that if a 
Spherical Weight moves towards the plain 


Surface of a Body obliquely, the Ratio of 


the whole Force with which the Weight 
moves, to that Force with which it ſtrikes 
againſt the Surface, will be as the Radius 
to the ſine of the Angle of Incidence. 

Ler us ſuppoſe, for Inſtance, the Sphe- 
rical Body A to move in the Line AM, 
making, with the plane Surface BE of the 
Body BCDE the Angle of Incidence AME. 
ES. From 


2 e 
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From the Center M, and with what Di- 
Nance you pleaſe, as MI, defcribe che 


Arch IK, and from the Point I let fall the 
Line IL Perpendicular to MK: IL ſhall 


be the fine of the Angle of Incidence 


AME. I fay then that the whole Force 
with which the Sphere A moves, is to the 
articular Force with which it ſtrikes the 


Surface of the Body BCDE, as MI the 


Radius of the Circle to IL the fine of the 
Angle of Incidence. $676 


Demonſtration. Continue IM at Pleaſure, | 


to N ſuppoſe ; thro' the Point N draw 
the Line GNH Perpendicular to IN; and 
from the Point H taken in the Line GNH 
at Pleaſure, draw HF perpendicular to 
GH, and at the ſame time Parallel to 
MN. ; | 

This done, if you Conſider the whole 
Force with which the Sphere A. moves as 


the Weight of a Body deſcending towards 


N, then the Line GNH will repreſent a 
Horizontal Line, FH a Line perpendicu- 
lar to the Horizon, and FG an inclin'd 
Plane. The conſequence of all which is, 
that by the foregoing Propoſition the 
ſhock or ſtroke of the moving Sphere A 
upon the Plane FG, is in Effect the ſame 
with the preſſure of the Body ABCD. in 
Figure 58 upon the Plane FG in the ſame 
Figure ; and therefore that in the preſent 
Caſe alſo the whole Force of the moving 
Sphere A is to the particular Force with 
which it ſtrikes upon the Plane FG, as 
FG to FH. Now lince the Line MF fall- 
ing upon the Parallels MNI, and — 

ä | y 
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(by 1: 29.) makes the alternate Angles 


MFH and IML. equal; and ſince more- 


over the Angles GHE and Ware Right 
and ſo (by 1: 32.) the Triangles FGH 
and MILequiangular : It follows there- 


fore that as FG to. GH, ſo is MI to LI. 


Whence we Conclude that the whole 
Force of the moving Sphere A is to the 
particular Force with which it ſtrikes up. 
on che Plane FG, or the Surface BE of 
the Body BCDE, as MI to II. AEO. 


Cos ot. A. 1 
Hence alſo we may determine the Force 
with which a Spherical Body is requir d to 
move in a given Angle made by two Bo- 
dies, which are joyned together at one 


End, in order to Part thoſe two Bodies 


aſunder, which are ſuppos d to reſiſt the 
Separation with a Force of a given Quan- 
tity ; and alſo demonſtrate that the Ra- 


tio of the Force with which the Spherick 


Body to the given Force. of Reſiſtance in 


the two Bodies need not be but a very 


little Bigger than the Ratio of the fine of 
the Angle contain'd between the two Bo- 
dies, to the fine of half its Complement 
to two right Angles, or 180 Degrees. 
To make this appear, let us ſuppoſe firſt 
of all the two Bodies CBEF and CDGH 


joyned together at one End, ſo as to Form 


there the given Angle, as BCD, and alſo 
to reſiſt their further Separation, or the 


augmenting of the Angle BCD by A cer- 


tain Force according the Quantity given. 
; ö r 


S F , re Tov 
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Let us fuppoſe likewiſe that the Spherick 
Body A is moving from A towards C in 


the Angle BCD with the Line of Directi- 
on IG, which divides that Angle in two 


equal Parts. Now therefore we are to 
prove that for the Sphere A to feparate 
the two Bodies CBEF, CDGH, it is faf- 
ficient that the Ratio of the moving Force 
to the Force of Reſif ae, be fonie ſmall 
matter bigger than the Ratio of the fine of 
the Angle BCD to the ſitie of half its 


Complement to two right Angles. 


. Demonſtration, From the Point I to the 
Points K and L, where the ſpherical Body 


touches the Lines CB, CD draw. the two 


right Lines IK IL; continue KI towards 
Q; from the Point L upon IQ let fall the 


Perpendicular LP ; join the Points K and 
I with the right Line KL; and from the 


Center, I, draw the right Line NIO pa- 
rallel ts KL. This done, ſeeing the right 
Lines IK, IL are drawn from-the Center 


to the two Points of Contact K and L, it 


follows from (3: 18) that the two Angles 
IKC and IL. C are right, and that the Tri- 
angles IKC and ILC having alſo the An- 
gles at the Point C equal, and the Side 
IC common, are (by 1: 26) equal and 
ſimilar; and conſequently Angle CIK is 


equal to the Angle CIL. And ſince in 


the Triangles IKM and ILM, the fide IK 
is equal to IL, and the ſide IM common, 
and the Angle MIK equal MIL : there- 


fore (by 1: 4) the Baſe MK is equal to 


the Baſe ML, and the Angle IKM equal 
to the Angle IL M; and the Angle _ 
| equa 
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equal to the Angle IML. Conſequently 
the Line CI is perpendicular to KL, and 

conſequently alſo (by 1: 28) NO is paral- 
lel to KL. Further, ſince the Angles Ol C 
and NIC are equal, if we take from em 
the equal Angles LIM and KIM, the Re- 
mainders LIO and KIN will be equal: 
But the Angle OIP (by 1: 15) is equal 

to the Angle KIN, and by conſequence 
to the Angle LIO. Again, ſince in the 
right-angled Triangle CIO, the Line IL 
falling from the right Angle perpendicu. 
lar to the Baſe CO, divides the Triangle 
into two others, ILC and ILO, ſimilar 
(by 6:8) both to each other and to the 
Whole; therefore the Angle LIO is equal 
to the Angle LCI, and conſequently the 
whole Angle LIQ is equal to the Angle 
LC. Moreover,as inthe four-ſided Figure 
CLIK the four Angles (by 1: 32) taken 
together, are equal to four right Angles, 
and as the Angles CKI and CLI are both 
right, it follows that the Sum of the two 
Angles LCK and LIK is equal to two 
right Angles, and thar theſe rwo Angles 
are to each other reſpectively the Com- 
plements to two right Angles. The Angle 
MIL therefore is half the Complement to 
two right Angles of the Angle LCK or 
BCD, or, which is equal to it, of LIQ. 
Laſtly, conſidering the Circle KSL, it 
it is manifeſt that LP is the fine of the 
Angle LIQ, or of its equal BCD, and 
that LM is the fine of the Angle LIM, 
which is half the Complement of BCD to 
two right Angles, Here therefore we are 


3 REPTILE OSS 


LP to LM. Putting therefore the Force 
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to ſeparate the two Bodies CBEF, CDGH, 
it is ſufficient that the Ratio of the moving 
Force to the reſiſting Force be only a lit- 
tle bigger than the Ratio of LP to LM. 
Now this will eaſily appear if it be conſi- 
dered on the one hand that the Force 


with which the two Bodies CBEF, and 


CDGH, oppoſe their Separation, is in ef- 


fe& anſwerable to a Gravitation upon the 


Point K with the Line of Direction KIP 
(perpendicular to CK) puſhing the Sphere 
A towards the Body CD GH, which all 
the while remains perfectly fixt and immo- 
vable. On the other hand let it be conſi- 


dered that the Force with which the Sphe- 


rical Body A moves, is entirely of the 
ſame Nature and Effect with a Power ſup- 
pos d to be applied at the Center of the 
Sphere I, in the Line of Direction IC. 
For by the Corollary of the forth Axiom, 
the ſame Effect will be produced by a 
Gravitation at P equal to that at K, and 
by a Power at M equal to that at I, the 


Directions both of the Weight and of the 


Power continuing as before. Now by ſup- 
poſing the Gravitation at P and the Power 
at M, we ſhall have the crooked Lever 
MLP, whoſe fixt Point is L, the Di- 
{tance of the Power ML and the Diſtance 
of the Weight LP. Therefore by the roth 
Propoſition the Ratio of the Power requir'd 


to overcome the Reſiſtance of the Gravi- 


tation at P to that Gravitation, need to be 
but a very little greater than the Ratio of 


with 


to prove, That for the ſpherical Body A 
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with which the Body A moves inſtead of 
the Power at M, and the Force by which 
the Bodies CBEF, CDGH reſiſt their be- 
ing ſeparated, inſtead of the Gravitation 
at P; it will be true alſo that the Ratio of 
the firſt Force to the ſecond is but a very 


little greater than the Ratio of LP to LM, 
that is to ſay of the ſine of the Angle 


BCD to the ſine of the Angle CIL which 


is half its Complement to two right An- 


gles. LED. 
r 
Hence it follows, that the bigger che 


Angle BCO is the greater Force the Sphe- 


rical Body A. ought to move with to over- 
come the ſame Degree of Reſiſtance in 
the Bodies CBEF, CDGH; becauſe 
thereby the ſine of the Angle BCD, be- 
comes ſo much the greater, and the ſine 
of half its Complement to two right An- 
gles becomes ſo much the leſs. & 


 Coror. IV. 


Hence likewiſe; it follows, that if the Bo- 
dies CBEF, CDGH are disjoyn'd at C by 
the Impulſe of the moving Sphere A by 
bringing their Extremities B and D cloſer 
together; it will not then be Neceſſary 
that the Sphere A ſhould continue to move 
with ſo great a Force, as it did at firſt, in 

order to augment the Separation. For it 
is Evident that the Angle which would be 
made by the Lines BC, DC, continu'd, 


would ſtillbecome ſo much the leſs as the 


moving Sphere ad van d towards C, A 
- thac 


— - 
— 


— — — 
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that on the erg: its half Comple- 
ment to two right Angles would become 
mich ens greater. mY” 
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If a Power-whoſe Line of Direction is pa- 
rallel to the Horizon, ſuſtains a Weight 
by means of a Wedge, whereof one of the 

Planes is parallel to the Horizon ; that 
Power will be to the Weight which it 

ſuſtains as the Perpendicular of the 


ET there be a Wedge FGH ſo ſitu- Ng. 61. 
ate that one of its Planes GH be 
applied to the horizontal Surface LM; 
and let a Power with the Line of Directi- 
on parallel to LM be applied to the Plane 
FG, in order to ſuſtain the heavy Body 
ABCD which is alſo kept from Rolling 
from C towards H by the Plane IL per- 
pendicular to the Horizon, againſt it reſts 
upon the Point B. Further, let us ima- 
gine that the Wedge FGH can eaſily ſüde 
upon the horizontal Plane LM, and that 
the rubbing of the Body ABCD againſt 
the Planes FH and IL does not hinder the 
ſaid Body from ſliding eaſily along thoſe 
Planes. This ſuppos d, I ſay that the 
Power at FG to the Weight which it 
ſuſtains, ſnall be as the Perpendicular FG 


For 
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For ſince in Bodies which touch and 
preſs each other, the Preſſure is mutually 
equal in thoſe Parts where they touch, 
and ſince the heavy Body ABCD preſles 


againſt the Plane FH in the Point C, nei- 


thre more nor leſs than the Plane preſſes 
againſt that heavy Body in the ſame Point: 
It follows that the Power which ſuſtains 
the Weight ABCD by being applied to FG 
with the Line of Direction parallel to LM 
or GH, is equal to another Power, which 
would ſuſtain the ſame Weight by being 
applied at the Point B with the Line of 
Direction BD parallel to GH. But by the 
22d Propoſition the Power at B would be 
to the Weight ABCD which it ſuſtains as 
FG to GH. Conſequently the Power at FG 
is to the Weight as the Perpendicular of the 
Wedge to the Baſeof the Wedge. QED. 
Corortary I. 
From this Propoſition it follows, that if 
a Power be applied perpendicular to the 
Surface FG of the Wedge FGH in ſuch a 
Manner, that by puſhing the Wedge for- 
ward it raiſes up the Body ABCD, it is 
Neceſſary that the Ratio of the Power to 
the Weight ſhould by ſome little exceed 
the Ratio of FG to GH; it being certain 
that the Power which Moves ought to be 


. ſomething bigger than that which only 


Suſtains a Weight. 
Coror. II. 


Fr From this Propoſition it follows. alſo, 
that the more the Angle FHG is * 
0 
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ſo much the leſs a Power is requir'd in 
compariſon of the Weight which ic. ſu- 
ſtains or moves : For the leſs that Angle 
is, the leſs becomes the perpendicular FG 
wih Redo GEE 
Schoiniun ! 
The Wedge indeed is not ſo commonly 
employ d for the raiſing of Bodies, as for 
the cleaving them aſunder; however it 
wou'd be ſuperfludus here to make any 
particular obſervation about uſing the 


Wedge in that Manner; becauſe what we 
have demonſtrated in the foregoing Pro- 


poſition may with great Eaſe be accommo- 
dated to that Purpoſe: For what can be 


more evident than that one part of the 
Body which is cleaving may be conſider- 
ed as a Horizontal Plane, and the reſi- 
ſtance which the other part makes to the 


being ſeparated from the former, may 
paſs for a kind of Gravitation whoſe Line 
of Direction is perpendicular to that Part 


from which it is divided. 


Scnor. II. 


As the Action of a Wedge is nothing 
but that of ſliding againſt the parts of 
the Body which ir ſeparates, ſo the in- 


« 
N 


convenience of rubbing is much more 
conſiderable than in any of the foremen- 


tion'd Machines. For which Reaſon. that 
ol Obſtacle to the Motion may be as 
little as poſſible, _ Wedge ought to be 
55 1 made 
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made of ſuch matter as is moſt proper to 
Bod eaſtly over che Parts of any other 
J. 


2 80 Ol II. 


After what has been prov d concerning 


motions upon inalin d Planes, we may 


eaſily conceive that the difficulty we meet 
wich in moving A may that pubs againſt 
another, a Mes ou om the ruggedneſs 
and unevenneſs of their Saen Wha and be- 
cauſe many of their ſmall Particles have 
Inclinations different from che general In- 
cination of the whole Plane; inſamuch 
2 fYome are fometimes Perpenidivaler to 

So that when theſe irregular Particles 
es, it decemes impeſible ee continue 
the motion unleſs they are made ro break, 


or at leaſt to bend each other and change 
_ their ſituation: Now this «cannot be 


effected without a great deal of Labour; 
hence it follows that to make the beſt 
Wedges, we muſt choofe ſome kind of 
matter that is very hard, and my be Po- 
liſh'd very ſmooth. FRE | 


Scnor. IV. 
From the preceding Scholium we may 


| eafily judge what Service Oil and Greaſe 


Which is commonly applied 


| wack Surfaces of Machines that touch 


each cher, in order to facilitate their mo- 


tion. For it is very plain that the Parti- 
cles of che O Oll ms En up thoſe cavities 
and unevenneſſes which are found in che 


Surfaces 


2 Trelife of Mithknides. "ig. 


Surfxces his — 4 applied ro WHAchare freed 
from a great deal of their roughneſs b 4 


that . Add to this ae fore | 


rhe Particles of ole g greaſy Bodies ſh ny 
the Place of Fele W Which c 
many Parts bf thoſe Suktacts in che Meh | 
chines to move by each ther * with- 
out ö 


Ot the SCREW. 
PROP. XXVII. 


4 Power ſuſtains a W by ape, of 
1 Screw fin Wight rhe 4 
_ as the bright of the Serew to 4 * 
which contains iti C ircumferente Jo man 
tines is there art Revolutions 13 17 
whole height of the Screw. 


Uppoſe for Inſthkte that the height of 

the Screw is. one I ch, and that in 

the ker of that Inch there 1 twelve 
ſpiral R evolutions; and th Hu job 

Halt. of the Screw is an Be, and a 


alf. This ſuppos d, I ſay, chat the 
ower which ſuſtains the? eight by means 
75 this Screw is to that Weight as 1 to 86. 
or twelye times an Inch _ a half 1 is 
cighteeh Inches. e 
For thts Screw is nothing 5 but an 7 
inclin'd Plane turn'd about a Cylinder. The 


nclination of the Plane is the ſame with 
1 2 


5 
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the Inclination of. the Reyolution of the 
"Screw. The Perpenc dicular is the Height 
of the Screw. The, aſe is the Evolution 
of ſo many times the Circuit of the Screw 
as there are contain d Revolutions in the 
Whole. The Subſtance therefore of this 

ropoſition is the ſame with, what has 
been already proved concerning the In- 
clin'd Plane. F 0 4 e Kc. b. 


| ConouLtany,! 


6 follows evidently from this Propoſ ; 
tion, that, cœteris paribus,. the cloſer the 
Revolutions are, ſo much the leſs a Pow- 
er will be ſufficient i in Compariſon of the 


Weight it ſuſtains.” For the Height of 


ſuch a Screw is fo much the leſs in Pro- 
portion to the Line which ariſes from the 
Evolution of the Circuits of that Screw, 
Which by being ſo much ae. eee Are fo 
much the more Numerous. OR 


. I. 


I plainly follows alſo, that the Power 
: which raiſes a Weight by the help of a 


Screw, need to have bit a very lictle big- 


ger Rario to that Weight, than the Ratio 


of the Height of the Screw to the Line 


which ariſes from the Evolution of all the 

ſpiral Circuits. For the Power which fai- 
120 need be but a very little bigger than 

chat Which a e e a 8 F 


ie ego 
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If in Practice we find byEfperience 


thar ordinarily a much greater Force is re- 
quir'd to move a Weight with a Screw 
than barely to ſuſtain that Weight ; this 
only proceeds from the Rubbing of che 
Machine. In all things elſe theforegoing 


* M 


Scyor. II. 


It is but very rarely that the Screw is 
made uſe of by it ſelf to move or ſuſtain 
any Weight; for it is generally accompa- 
nied with a Female Screw movable about 
the Male, or in which the Male Screw ir 
felfgtay turn. The Male wich his Female 


Screw ure moſt commonly uſed in prefling 
of Bodies together. The ſeveral Mecha- 


nick Profeſſions will furniſh you with an 


infinite Number of Examples, which will 


give you a better Light into. the Matter 
than all that can be ſaid upon that Sub- 
jet. For this Reaſon I ſhall hold my ſelf 
excus d from proſecuting this Matter any 
farther, and ſhall leave it to the Reader's 


Sagacity to find out by himſelf what it is 
in thoſe Machines that anſwers to the 


Weight, and what to the Power, that ſo 
he may learn without any Aſſiſtance to ap- 
ply the Reaſoning and Conſequences of 
this laſt Propoſition to particular Caſes. 
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Ha gravitating Eiquor. is contained in 4 
Tfbe of equal Thickneſs, perpendicular 

to. the, Horizon, the Liquor will tend to 
e og at the Bottom mith 4 Force, propot- 


WS of the Gravitation 


* 
* 


17 ET us imagine the Tube AB. to be of 
L equal Thickneſß, and perpendicular 
t the. Horizon; and let us ſuppoſe, that 


having ſtoppd the Opening at B- it, is in 


yore hlldi.with ſome gravitating Liquor. 
fay, the Liquor ſhall tend to run out-at 
B viith.-Force/ proportion d to its Height; 


that is, for Example, if albthe Space BE 
be fild, which is triple to'the Space.BC, 


the Liquor will tend to run out at Bwith 
2 Force triple to that with which it would 
tend to run out if it were only fillid up to 


7 


_— 
' 


For 


WWW 
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For it is evident, that thei Force witng 
which the Liquor conrain'd in the Tube 

tends to run out, is proportionable to the 

Gravity of the Eiquor: but the Gravity is 
proportionable to the Quantity of che Li. 
quor, and the Quantity. is proportionabie 
(by 12: 14) to the Height of the Liquor 
in tlie Tube. Wheretore the Force with 
which the Liquor tends to run out below 
is proportion d to the Heiglit of: the L. il 
quor in the Tube. P. 


Co. OLLAK Y I. 


Hence it plainly! follows, that if two 
Tubes of equal Phickneſt contain eacli a 
certain Quantity of the ſatne Liquor, the 
Forces with/ which theſe Eiquors ſhall 
tend to run out, ſſiall i bein Nroportion to 
their Heiglits in- tlie Pubes. Conſequenti 
ly if thoſe Heights are equal ithen the For- 
ces ate equal. e 
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Coro r. II. 


From this Proportion like wiſe. it follows, 
that if two Tubes of equal Thickneſs and 
perpendicular to the Horizon are joined 
to a third of the ſame Thickneſs and pa- 
rallel to the Horizon, by which Means 
they have Communication with each o- 
ther; and if any Liquor be pour'd into one 
of cheyperpendicular Tubes, it will imme- 
diately diffuſe it ſelf into the other, till ic 
comes to ſtand in both at an equal Height. 


" 4 Thus 


120 
Fig. 63 


equal Height in both. 
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Thus ſuppoſing the two Tubes AB, CD, 
are of an equal Thickneſs, and perpendi. 
cular to the Horizon, and join'd together 
by a third Tube, BD, of equal Thickneſs 
and parallel to the Horizon, whereby the 
two perpendicular Tubes haye Communi- 
cation with each other: When we have 


pour'd ſome Water or any 8 1 Liquor 


into the Tube AB, it will diffuſe it ſelf 
into the Tube CD, and ſtand at an equal 


Height in both. So that, for Inſtance, if 


in the one it ſtands at the Height BE, it 
will ſtand in the other at the Height DF. 
For it is evident, that if in either of the 
Tubes, for Inſtance” AB, the Liquor hap- 
pens to be higher than in the other Tube, 
it will alſo have more Force to deſcend 


and puſh the Liquor contain'd in the Ho- 


rizontal Tube from B towards D, than 
that contain'd in the other perpendicular 
Tube will haye to puſh, it back from D 


towards B. That therefore which has the 


greateſt Force to deſcend actually, wil 
| age and cauſe the Liquor in the other 
Tube to aſcend till they come to be of an 
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Fa gravitating Liquor ſtands at equal 
Heights in to Tubes perpendjcalar. 10 
the Horizon. f unequal Thickpeſſes, 

the Force *by which it mill tend to run 

out at the Hole at bottom in the biggeſt 
Tube,” will be to the Force by which it 

will tend to run out at the Hole at bot. 

tom in the leſſer Tube, as the Baſe of 
the bigger Tube to the Baſe of. the Leſs. 


ET AB, CD, be two Tubes perpen- ig. 64. 

IL dicular to the Horizon; let AB be 
thicker than CD ; into each of theſe Tubes 
let ſome of the ſame Liquor be pour d to 
the Heights BE, DF. I ſay then, that the 
Forge. with which the Liquor. tain 
in the Tube AB will tend to run out at 
the Hole B, - ſhall be to the Force 
with which the Liquor contain'd in the 
Tube CD will tend to run out at D, as the 
Circular Area of the Baſe of the Tube AB 
to the Circular Area of the Baſe of the 
o 
For it is evident, that the Force with 
which the Liquor contain'd in the Tube 
AB will tend to run out, is to the Force — 
with which the Liquor contain'd in the 
other Tube CD will tend to run out, as 
the Gravity of the one to the Gravity of 
the other. Now the Gravity of the one 
js to the Gravity of the other, as the Qyan- 
tity of one is to the Quantity of oe 
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And the pate of the one _if to the 
Quantity o the other (by 12: 11) as the 
Surface of the Baſe of the Tube in which 
it is contain d, to the Surfüce of the Baſe 
of the other. Therefore che Force by 
which-the Liquor tonds to run out of one 
aß the Tubes, ts the Force with which the 


” , 1 N . * 
” A 


- 


3 the'Surfhes;,.or rev, of one, the Baſe of 
ons Tube, to the Surface of the Baſe of 
the acher⸗ Pn. 


Liquor tandato mm out afithe other Tube, 


Nn 


that Tubes perpendicular to the Hori- 


20n are of unequal, Thickneſſes, and tlie 
the, Foree witH.. which, the Liquor con- 
tain'd in the one will, tend. to rum out, ſhall 
be to, the Force with' which, the: Eiquor 
contain in the other ſRall tend to run out 
in, a Ratio compounded, of the Ratio. of, the 
Atea of ane Baſe to the Ates of tlie other, 
and the Ratio of the Height of the Liquor 
in one Tube to the Height of the Eiquor 


Liquor contain Hin em of unemnalkleights, 


0 
— 


in the other Tube. If therefore we ſhp- 


„that the Diameter of one of the 
ubes is double to the Diameter of the o- 
ther, and fo (by 12: 2) the Area of tlie 


| Baſe of one Quadtuple tothe Alea. of tlie 


Baſt of the other: And, if moreover the 
Height, of the Liquor contain d in the firſt 


Tübe was triple to tile Height of the Li- 


quor- contain d. in the other Tube; le 


Force with which the Liquor would'tend 


to 


IE e Propoſition, 


we QXRES 


a a att kn e 1M WW Tm 


AHrauiſt of Madhanicks.. 

te run out of the ſiaſt Eube would be to. 
the Foce with Wb which in weld tend to rum 
ont Fach he ſecond, in Reaſon. compound. 


ed of a tripla and quadruple. Reaſon. Fhas 
ii would be: a8 cave ens. 1 7 8 
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If + Tale al of: equal Thickneſs be. bn 
10 tha Hari aan and fill d'with- ſome gra- 
2 Liquor-; the Abſolute Grevity 

f the Liquor will be to the Relative 


avity, that is, to the Force with, 
which it tends to rum out at, the. bojtonn 


_ of. the Tal, an tha L the: Tube 
4 Zeal ee 


proſe, foo Example, that AB; is 2 
Gans, fs _— of, egy oye war _ 
and ipglin q to the Horizon BC; abov 
which, ig is. alevated ar one. End. — 
Iige AD. perpendiculan to: BC. Egt us 
ſuppoſe further, than this Tube» is filled 
with a gravitating Liquor tending to run 
out at the Hale up eee d B. I 
ſay then, that the Abſolute Gravity of the 
Einnpr to its Relative Gravity thas is, to 
the Force with, uhich it tendꝭ ta un out 

Ab, —— 15,25 AB to AD. - 
from the. very greas Bacilit with 
0.7 tha Parts Of, the Liquon ſlide 
Ny on&:2pother.,, WEmAy, conſiden em as 
af Spherical: Eigure, tho" in.Reality:they, 
Y not. ſo, All the Parts. of the Liquor 
r containgd; in the, Tube . 4 
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wellthofe which'reſt upon each other, as 


thoſe which lie along the Tube, tend to 
deſcend in the ſame manner as the Spheres 
in the eth Scholium of the 23d Propòſition. 
There will then be the ſame Ratio of the 


Abſolute Gravity of che whole Liquor 
contain'd in the Tube AB, to the particu- 
lar Force by which all that Liquor tends 


to run dut at the Opening B, as of the Ab- 


ſolute Gravity of a String of Spheres upon 
an.iaclin'd. Plane, to the particular Force 
with, which thoſe een all together 


preſs upon the Plane. Now by what has 


been there demon aM\y that 'the Abſo- 
lite Gtavity of i String of Spheres,.to the 
Relative Gravity with which they all preſs 
upon the Plane together, is as AB to AD. 


Conſequently, the Abſolute Gravity of 
Al the Parts of the Liquor with which the 
Tube AB is filfd, to the total Force with 
which they tend together to run out at the 
Hole B, is as AB to AD; that is, as the 


Length of the Tube to the MET We the 
* . 8K Gag 
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„Oblerne bert ac tho' an :nclin'd Tube 
of equal Thickneſs be but partly filbd, yet 
it will be always true, dne the Abſolute 
Gravity of the Liquor contain d to the par- 
ticular Force with which it tends to run 
out underneath, ſhall ſtill be as the Length 
of the Tube to the perpendicular Height 
of the Top: of the Tube. So then, if the 
Fubs/ "AB has no Liquor but in the Part 


BE, 


LG OO: Le lend © * ant- 


- 
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BE, the Abſolute Gravity. of that Liquor 
to the particular Force with which it tends 
to run out at the Hole B, ſhall be as che 
Length of the Tube AB to the perpendi- 
.cular Height AD, For the empty Part 
AE of the Tube AB has no Effect, it be- 
ing the ſame thing as if the Tube was no 
longer than BE. Now in this Caſe it is 
Already prov'd, chat the Abſolute Gravity 
of the Liquor BE to the particular Force 
with which it tends to run out at B, will 
be as the Length BE to the perpendicular 
Height EF. But the Triangles EBF and 
AB being right-angVd, and having the 
Angle at B common, are (by 1: 22) ſimi- 
lar. Therefore (by 6: 4) as BE is to EE, 
To is AB to AD. Wherefore the Ratio of 
the Abſolute Gravity of the Liquor BE to- 
the particular Force with which it tends 
to run out at B, will be the ſame as the 
Ratio of the Length of the Tube AB to its 
perpendicular Height AD. N 
Coenefrdar = 
. Hence. it follows, that the Force with 
which a gravitating Liquor tends to run 
out at the lower End of a Tube inclin'd 
to the Horizon and all the way of an 
equal Thickneſs, . is. equal to the Force 
with which a Liquor of the ſame Kind 
would tend to run out. of a Tube all of the 
ſame Thickneſs with rhe former, but per- 
pendicular to the Horizon,: and in which 
the Height of the Liquor was, equal to 
the perpendicular Height of the inclin'd 
"845 7151 57 t oh Suppoſe, 


Wert of Mrrbnnieks. 
> for Inftanice, the two 'Tobt: 
are of an equal Thidknefs ; thee 


rpehaiedfar co the Horizon 
„und the Tube AB inclin d to it. r 


the Wer End of both theſe Tubes be im 
che Line EF, the Laaer l ny 
contain f che me perperr 

in bech, or Saen ug to the wy ot. 
tal Live GN: The Force with Which t 


Liquor BH tends to run bur at B, ſhall bt 


equal to the Force with which the Lieu 


DG Will tend te run but at B. For if the 
Line HI ve drawn perpendicular t6 che 


Horizon, it follows fröm the preceding 


Sebolium, that the Force Wirh wap the 
Liquer BH tends to run out at B, is tb 
the abſolute Gravity of the ſame Lid uy 


(that is; +0 the Force with which it 8000 f 


tend to run out if the Tube AB were per- 
pendiculat to the Horizon) as HI of its 
equal DG is to BH. But by the firſt Co- 
rollary of the wenty-ninth Propoſition, 
the Force witk which the Liquor DG 


tends to run out at D, to the Force with 


which the Liquor BH tends to run out of 
the Tube AB, ſuppvling it to be perpen⸗ 
diculat to che Horizon, is 41ſ6 as DG to 
BH. And therefore the Forte Wich which 
— ha tor BH tends to run Gat of the 
in the incliird Tube AB, is (by 
7 175 to the Fotte with which the (ate 
4 uor would tend to run out of the fame 
Hole, if the Tube AB were perpendicular 
tb the Horizon, às the Force With which 
the Liquot DG tends to run Gut of the 
Tube CD, i is to the Force which the Li- 

| quor 


Ass <6 2 5 4.2 


„ ode nos a ads ic 3 1h wan 


quor BH wonld have to run out of the 
Tube AB, if it were perpendicular to the 
Horizon. Thefe two Forces therefore 
Having the ſame Proportion to à third, it 
foo s (by 5: 9) chat chey are equal to 
each other; chat is, chat the Force wich 
which the Liquor BH tends to run ont at 


B che Hole of the inclin'd Tube AB) is 
equal to the Force with whic h rhe Liquo tquor 


DG tends to run out at D. | 
Cogr. II. 


Hence therefore we may draw this Con- 


ſequence, That if ſeveral Tubes of the 


{ſame Thickneſs and differently inclin d to 


the Horizon, are fuld with the ſame Kind 
of Liquor to the ſame perpendicular 
Height in all of em; then the Force with 
which the Liquor tends to run our at the 
lowermoſt Hole of any one of thoſe Tubes, 

mall be equal to the Force with which it 
trends to run out at the lowermoſt Hole of 
any other of thoſe Tubes. Thus fuppoſing 
the Tube LM to be of the ſame Thickneſs 
with the Tube AB, but differently inclin'd ; 


let it be filled with the ſame Tort of Li- 


quor, and let the Liquor reach to the ſame 
perpendicular Height: The Force with 
which the Liquor rends to run out of the 
Tube LM, ſhall be equal to the Force 
with which it tends to ran our of the Tube 


AB; for each of theſe Forces is equal ro 


that with: which the like Liquor would 
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Tati) it follows, that if the Liane were 


4 little hi ber in any one of theſe Tubes 
than in another, the Force with which it 
would tend to run out of the Tube in which 
it Was higheſt, would be ſomething great- 
er than the Force with which it would 


tend to run out of the other; it being evi- 


dent that the Overplus of Liq iquor above 
ra 


the Level in the Tube that was fill'd high- 
eſt, carries alſo with it an Increaſe of Gra- 


vitation in the Liquor of the ſame 1 25 


8 E 


a A 4 Syphon or Crane, whoſe. Branches 


are of equal Thickmeſs, be revers'd or 
turn d upſide. down,” the gravitating Li- 
quor contain d in it will 2 i r felf 
upon a Level. 


N Lis us ſuppoſe the Syphon Abdsbefe 


Branches, AB, BC, are of an equal 


Thickneſs , to be revers d, whereby it will 
appear as in the Figure; and i in that Situ- 


ation let ſome Liquor be poured into it. 


I ſay, that the Liquor ſhall place it (elf in 
the two Branches upon a Level, that is to 
ſay, that the Parts of the Surfaces D and E, 
by which it is terminated, ſhall be found 
in the Line DE parallel to the Horizon. 
For the Syphon ABC is in Reality no- 
thing elſe but two Tubes of equal Thick- 
neſs join'd together at the Point B, into 
Which ſome gravicating Liquor is pourg 
to an equal perpendicular Height: It fo 
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| . lows therefore, that the Liquor contain d in 


the one has neither more nor the leſs Force 
to deſcend than the Liquor contain'd in the 


other, and that thoſe Liquors puſh each 


other equally, and are therefore mutually. 


unable to overcome the Oppoſition. But 
if the Liquor were a little higher in one 


Branch than in the other, it wou'd have 
in that Branch where it was higheſt a 


greater Force to deſcend than in the other, 


as we have Demonſtrated in the 3d Corol- 
lary of the preceding Propofition. For 
this Reaſon it muſt actually deſcend on 
that ſide, and ſo much of it paſs into the 


other Branch as is neceſſary to make the 


this is done, the Forces to Mcend will be 


Liquor in both forces b fie After 
equal on each ſide, and ſo the whole muſt 


remain Level and in Equilibrio, If there- 


fore a Syphon whoſe Branches are of 
equal Thickneſs, be revers'd, the Liquor 
contain'd in it will place itſelf upon a 


Level. 2ED. 


Schor flux. 


Here we may obſerve, that tho' the 
Branches of a Syphon are crooked and 
bent ſeveral Ways, the gravitating Li- 
quor contain d in it will nevertheleſs place 
it ſelf upon a Level as before; it being 
evident that the ſeveral Inflections that 
may be given to a Tube are always equi- 
valent to ſo many Planes inclined ſeveral 


Ways. 
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Fig. 69. 


PROP. XXI. 
If 4 Tube bigger at one End than it the 


other be plac d perpendicular to the Ho- 
rizon, the grabititing Liquor contain d 


in it will haveithe ſame Force to run 


out at Bottom, as it word have if the 
ng kh the Tube were all the war 
Je 


TIrſt of all let ABCD be a Tube bigger 


* 


pendicular t 


gravicating Liquor contain d in it wilt 
have the ſame Force to run out at the 


lower End BC, as if it were all the Way 


of the ſame Thickneſs that it is at BC.  - 


For if thre Band C Lines are drawn 


perpendicular to the Horizon, and 'con- 
ſequently Parallel to each other, it plainly 
appears by inſpection that the Column of 


Liquor contain'd between thoſe two Lines 
Stavitates indeed upon the Hole BC; but 
on the contrary that all the fmall Threads 


of Liquor, into which we may 'corieeive it 


to be divided perpendicular to the Hori- 


zon on each fide of that Column, do not 


in the leaſt gravitate upon the Hole BC, 
but only upon the interiour Surface of the 


Tube; whence it follows that they are 
no more to be regarded in this Caſe than 


if they did not gravitate at all. The whole 
9 | gravitating 


Thickneſs of the lower End. 
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A Treatiſe if Mecbanitis. 1 
gravitating Liquor therefore contain d in 
the Tube KBCO gravitates neither more 
nor leſs, than if it were all the Way of 
2 Thicknefs equal to that of the lower 


End. ee ee 
CASH I. 
Let us ſuppoſe again another Tube as Eg. 50. 


ABCD perpendicular to the Horizon; but 
bigger at Bottom than at Top. 1 ſay, 
that if it be fillꝰd with a gravitating Liquor 
the Force with which it will tend to run 
out at Bottom, will be equal to that with 
which it wou'd tend to run out if the 
Tube were all the Way as thick as it is at 
te ¶ ont ñ 8 
To demonſtrate this Truth, which at 
firſt View ſeems abſur'd and contrary to 
Reaſon; let us imagine firſt a Plane Sur- 
face ſo applied to the Bottom of the Tube 
as to hinder the Liquor from running out. 
Then thro” the Points A and D draw the 
right - Lines AE, DF, perpendicular to 
the Horizon, theſe Lines ſhall mark upon 
the plane Surface the Points EF, where 
ſhall be terminated the Diameter of a Co- 
lumn of Liquor perpendicular to the Ho- 
rizon, whoſe thickneſs ſhall be all the 
way equal to the opening at the Top AD, 
and which, as you plainly ſee, preſſes 
with its whole Weiglit the Parr EF (equal 
to the opening AD) of the Surface BC. 
Let us imagine again, that while the Co- 
lumn AEFD gravitates upon EF, one Part 
of that Column, as MFEL, ſerves 
only as a Support whereby the A- 
N K 2 _—_ 
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cition of the Column is bent at LM and 


convey'd to the Part GE of the plane Sur- 
face, equal to the Part EF. As is evident 


it will, becauſe if the Space MEGL were 


ſuppoled void of Liquor, that ſpace wou'd 
immediately be ſupplied from the remain- 
Part ALMDof the Column AEFG. But the 


Action of the Liquot contain d between Al. 


G and DME, is juſt the ſame as if it 
were included in an inclin'd Tube. It 
follows therefore by the 1ſt Corollary of 
the 31ſt Propoſition, that the Liquor con- 


tained between ALG and DME preſſes 


the Part GE juſt as much as EF is preſs'd 
already. mh a 

In like Manner you will eafily perceive 
that every Part of the Surface BC that is 


equal to EF, is alſo preſs'd by a crooked- 


Column of gravitating Liquor, equivalent 
to the Column AEFD. Now juſt thus it 
wou'd be if the Tube were all the Way of 
the ſame Thickneſs as it is at the opening 
BC. Hence therefore it follows that tho' 
the Tube ABCD be larger at Bottom than 
at Top, nevertheleſs the gravitating Li- 
quor with which it is fill'd will tend to 
run out at Bottom with the ſame Force as 
if it were all the Way as thick as it is at 
Bottom. : e 


e 6p 5 5 oat 


From hence we draw this moſt ama- 
zing conſequence, that if a Cask full of 
Water ſtanding upon one Head, had a 
Tube perpendicular to the Horizon appli- 

6 
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ed to a Hole madein the other Head, the 
length of which Tube contain'd the per- 
pendicular height of the Cask ſeveral 
times, but the thickneſs of which Tube 
was ſo exceeding ſmall that the whole 
might be fill'd with a very little quantity 
of Water; this ſmall quantity of Water 
wou' d multiply as many times the preſſure 
that was at firſt ſuſtain'd by the Bottom or 
lowermoſt Head of the Cask. Thus for 
Inſtance, if the capacity of the Cask con- 
tain'd 560 Pounds of Water, and if there 
were applied to a Hole in the upper Head 
a Tube an hundred times as high as that 
Cask, but ſo very lender that one Pound 
of Water only wou'd be enough to fill it, 
that one Pound acting joyntly with the 
other 565 wou'd cauſe the lower head of 
the Cask to be preſs'd with a Gravitation 
equal to 56000, For by the joyning the 
Tube to the Cask the Communication of 
the Water in both, the whole is nothing 
elſe in Effe& but a Tube a grear deal big- 
ger below than above. 1 | 


Coror. II. 


Hence likewiſe we infer, that if a very 
ſlender Pipe ſhould open into a certain 
Veſſel, which Veſſel was ſo framed that 

by the Alteraxion of its Figure, the capa- 
city of its Cavity might be conſiderably 
augmented, a ſmall Thread of Liquor 
flowing with any degree of Velocity thro” 
that Pipe into the Cavity of the Veſſel, 
ſhall oblige it co change irs Figure into 
9 K 2 | the 
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the moſt capacious, and that with a Force 


equal to that which another Quantity of 
the ſame Liquor wou'd have, that was 
large enough to fill a Pipe whoſe thickneſs 
was equal to that of the Veſſel in its largeſt 
Capacity, and which moreover mov'd 
with the ſame degree of Velocity as that 
{mall thread of Liquor did. For example, 
let the Pipe AB, which is very flender, o- 
pen into a Veſſel as BCDE, which is ſo 
form'd that its Cavity may be conſiderably 
augmented by changing that very oblong 
Figure which it now has into the rectan- 
gled Figure BCFG : The ſmall Thread of 
Liquor flowing with a certain Degree 
of Velocity thro' the Pipe AB into the 
Cavity BCDE ſhall force the Veſſel to 
change its former Figure into BCFG, 
which (as follows from 6: 1.) is the moſt 
capacious that it can receiye, with a Force 
equal to that which another Column of 
the ſame Liquor wou'd have, that ſhould 
move with the ſame Degree of Velocity 
as the little thread of Liquor had and 
Rong be as thick as the largeſt Cavity the 
eſſel is capable of, that is, as the 


* 


PROP. XXXIV. 


If a Syphon having its Brauches of an 
' unequal Thickneſs be revers'd, the gra- 
vitating Liquor contain d in it ſhall 
place it ſelf upon a Level. 5 
r ET ABC be a Syphon revers'd, one of 
whoſe Branches, viz. AB, is (hacker 
0 than 


H Traatiſe of Mechanicks. 
than the other. I ſay then, that whether 

_ theſe two Branches are both inclin'd to 
the Horizon, or whether one of them be 
perpendicular to it, if ſome Liquor be 
pouted in at the Hole A of the biggeſt 
Branch till it riſes up to D, the Liquor in 
the other Branch BC ſhall place it ſelf up- 
on a Level, that is to ſay, it ſhall riſe to E 
in the ſame Line DE parallel to the Ho- 
For whatſoever the inequality of the 
thickneſs of the Tubes be, it has been De- 
monſtrated in the preceding Propoſition 
that the Liquor contain d in em tends to 
run out with the ſame Force as it Mou d do 
if th ey were all the Way as thick as they 
are at Bottom. Whatſoever, therefore the 
Inequality of the Thickneſs of the Bran- 
ches of the Syphons be, yet they are Tubes 
however of equal Thickneſs at Bottom, 
where they have one common Hole by 
whieh they Communicate with each other. 
It follow s therefore that Syphons with un- 
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equal Branches are to be conſider'd as if 0 
their Branches were equal, and that the : | 
gravitating Liquor will place it ſelf after : 1 


the ſame Manner in the one fort as in 

the other. Now it has been prov'd in the 

32d Propoſition, that a gravitating Liquor 
contain'd in a Syphon that has Branches 

of an equal Thickneſs, ſhall place it ſelf 
upon a Level. Therefore alſo, it ſhall 

place it ſelf upon a Level, in a Syphon 
Whoſe Branches are of an unequal Thick- 
nels, ED. 


K 4 SCHOL. 


1 26 


quoted, in hi 


It muſt not be imagin'd that What has 
been here prov'd is repugnant to the Ex- 
periments which we made ſome Years 


ago; ſhewing that in a Syphon of Glaſs 


one of whoſe Branches was pretty thick, 
and the other ſo very ſlender that the 
Hole was no bigger than a very fine 


Thread, the Water will not place it ſelf 


upon a Level, but will riſe conſiderably 
higher in the ſlender Branch than in the 


thick one. For as to what we have now 


been proving we have conſider d only 
theſe two Properties of Fluids, viz. their 
Gravity and the Facility of ſeparating 
their Parts, whereas this Inequality of af- 
cending (which no Body had obſerv'd be- 

fore) depends moreover upon a particular 
Motion of the Parts of thoſe Fluids, as 
you will ſee Demonſtrated in the firſt Part 


7 


Artic. 85. es N 
For the true Cauſe of this ſurprixing Phæno- 
menon concerning the unequal aſcent of Liquor 
in Large, and in very ſmall Tubes, ſee Dr. 


of our Treatiſe of Phyſicks, Chap. 22. 


Clarks Annotations pon the Article here 
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; PEE 1 
ADDENDA | 
Proe. X. Scnor. VI. 1 
To theſe "r&b Remarks of our Author, we 1 
may ſubjoyn this farther Obſervation. fy 
H O' in the Figures of the any 
42 al crooked Lever the Angle ACB 
8 is repreſented as a right An- 
8 9 IJ gle, yet is that by no means Ti 
— = neceſlary, provided only the | |} 
Angles EBC and DAC are right, and #1 
therefore in a Lever (as in Fig. the 73.) | 


where C is the fix'd Point, D the Weight 
whoſe Line of Direction AD is perpendi- 
cular. to the Part of the Lever AC; and 
E the Power whoſe Line of Direction BE 
is applied at right Angles to the Part of 
the Lever BC; the Power ſhall ſtill be to 
the Weight as AC to BC, 


Scnor, VII. 


Me may obſerve farther, That if the Power 
be apply'd to the Lever at oblique Angles, then 
the Ratio of the Power to the Weight that it 
ſuſtains, ſhall be compounded of the Ratio of 
; | | the 
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oblique Power to the perpendicular Po - 
er, and the Ratio of the perpendicular 
Power to the Weight, but the Ratio of 
the oblique Power to the perpendicular 
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the Diſtance of the Weight to the Diſtance of 


ry Power, and the Ratio of ſine of Appli- 


cation to Radius, | # 
In order to ove this we will ſuppoſe 
at preſent the Truth of what we ſhall De- 
menſtrate in our Scholium upon the Au- 
thors firſt Corollary of the 26th Propoſi- 
rioh, viz, That the Force of à Power 
obliquely zpply'd to any Machine, is to 
the fame Force apply'd at right Angles in 


the {ame Point of the ſame Machine, as 


the fine of the Angle of Application to 
the Radius. This being ſuppos'd, I ſay, that 
the Ratio of the Power apply'd to a Lever 
obliquely to the Weight ſuſtain'd by that 
Power is Compounded of the Ratio of the 


Power is che ſame as the Ratio of the 


fins of the Angle of Application to 
Radius; and the Ratis of the perpendicular 


Power to the Weight is by this roth Pro- 
poſition, the fame ' as the Ratio of the 
Diſtance of che Weight to the Diſtance 


of the Power.' Therefore the Ratio of a 
Power obliquely apply'd to- a Lever, to 


the Weight ſuſtain'd by that Power is 


compounded. G. 
Proe. XXIII. Senor. IX. 


When the Line of Direction of the 
Power is parallel, neither to the Horizon, 
nor the Hypothenuſe, then the Ratio of 


the 


; 
| 
| 
| 
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the Power to the Weight it ſuſtains ſhall 
be compounded of the Ratio of the Per- 
8 to the Hypothenuſe, and the 
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Ratio of Radius to the Sine of the 


Complement of the Angle which the 
Line of Piręction makes with the Hypo- 
thenuſe. And here the Line of Dire- 
ion ſhall meet with the Hyporhenuſe 
either aboye or below the Point of Contact. 


Case I. 


When the Line of Direction meets 
with the Hyporhenuſe above the Point 
of Contact, let FGH be the right-angl'd 
e as before, having its Baſs GH 
”arallel to the Horizon, and along its 
Hypothenuſe a Plane inclin'd according 
to the Angle FHG. Let ABCD be a 
Weight touching the Plane in the Point 
P, and ſuſtain d from rolling towards H 
by 2 Power with the Line of Direction 
F making with the Hypothenuſe the 
Angle EfH. I ſay, the Ratio of the Pow- 
er to the Weight ſhall be compounded of 
the Ratio of FG to GH, and the Ratioof the 


7 
* 


Radius to the Sine of the Complement of 


Hg. 74. 


the Angle Ef H, which the Line of Dire- 


rection makes with the Hy pothenuſe. 

Jo proye this: From f, let fall fg per- 
pendicular to GH, and conſequently pa- 
rallel to FG: From D draw the Lines 
DL, perpendicular to fCEA and DI, pa- 
krallel to GH : From E let fall EIq per- 
pendicular to DI, and conſequently pa- 
rallel to fg and FG: Continue f A till it 
meets wich GH, continu'd to X; From 
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H draw HS, perpendicular to fx, and 
therefore parallel to LP). 
This done, by an Argument of the 
ſame Nature with that made uſe of in 
the 22d and 23d Propoſitions, it will be 


evident, that. the Power will be to the 


Weight, as DI to DL. Farther, it has 
been prov'd in the 22d Propoſition, that 
the Triangle DIE is ſimilar to FGX, and 
therefore it will be ſimilar (by 6: 2 and 
5) to the Triangle fgH. Moreover, 
fince in the Triangles ELD and HSF, the 
Angles at S and L are both right; and 
fince the Angles at D and f are equal, the 


Angle at D being (by 3: 18) the Com- 


plement of the Angle FDL to 2 Right 
Angle, as is alſo (by 1: 32) the Angle 
at f; it follows, that the Triangles ELD 
and HGF are ſimilar. Therefore (as it 


follows from 6: 20) the Polygone ELDI 


3s ſimilar to the Polygone HSfg. Where- 
fore as DI to DL, ſo is fg to fS. Con- 
ſequently the Power is to the Weight, as 
fg to fS. But now fg to fS is compound- 
ed of fg to f H, and f H to fS. But fg to 
fH is the ſame Ratio as FG the Perpendi- 
cular, to FH the Hypothenuſe ; and f H 
to fS is the ſame Ratio as that of the Radius 
to the Sine of the Angle FHS; which is 


the Complement of HfS, the Angle 


which the Line of Direction makes with 


the Hypothenuſe. The Ratio therefore 


of the Power ro the Weight is compound- 
ed of the Ratio of the Perpendicular ' to 
the Hypothenuſe, and the Ratio of the 
Radius of a Circle to the Sine Comple- 
> 5 ment 
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ment of the Angle that the Line of Dire- 
ction makes with the Hypothenuſe. 


: C ASE II. 


If the Line of the Power's Direction Fs · 75. 
meets with the Hypothenuſe below the 
Point of Contact, Dſtill the Ratio of the 
Power to the Weight is compounded of the 
Ratio of the Perpendicular to the Hypothe- 
nuſe, and the Ratio of the Radius to the Sine 
Complement of the Angle contain'd be- 
tween the Hypothenuſe and the Line of 
Direction. 8 11 : | 


o 


Let the Line of the Power's Dire&ion | 
PE, paſſing thro the Center of the Weight 1 
E, and being produc'd, meet the Hypo- We 
thenuſe FG in the Point f ; draw DL per- $3 


pendicular to Pf, and DI perpendicular to 


EM, which 1s parallel to FH, as before ; 1 
draw Fl, making the Angle IFf equal i ; 
to FfP ; and laſtly, let fall fL perpendicu- 


lar to Fl. This done, I ſay, the Ratio of is 
the Power to the Weight ſhall be com- | 
pounded of the Ratio of FH to FG, and i 
the Ratio of the Radius to the SineComple- 4 
ment of the Angle EfF, which the Line 
of Direction EF makes with the Hypothe- 
nuſe GfF. For arguing as before, the Ra- 
tio of the Power to the Weight ſhall be as 
in the crooked Lever IDL, the ſame as the 
Ratio of ID to LD. Now in the Triangles 
DEL and FGH, the Angles at I and H be- 
ing both right, and the Angle at D being 
equal to the Angle at F (becauſe the Com- 
plement IDG of the Angle at D is equal 


(by 
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cy 29) to che eee Angle Folz, 
which is alfo (by ) the Complement 


of the Angle at «Ty i ollows, that the Tri- 
angle DEI is ſimiſlar to the Triangle FGH, 


and conſequently (ſuppoſing fh parallel to 


GH the Trianzle Fri, A ga, In _ 
Friangtes EDL am f FI, che A an —＋ 

and L. being both right, "and the 
E being equal” to the Angle ar f, mrs 
(by £5 42) they are euch of em che Com- 
plement of rhe Angle Df E: It follows, 
chat che Triangte BDE- is ſimilar to the 
Triangle fl. Therefore (by 6: 4) as DI 
to DE. ſo is Fh to Ff, and as DE to DI., 
Ff to Fl. Bere ars therefore ſhe Quin« 


ye” 8 
Fh. 155 aud Bly - 


Which: are mh two Pier tv be Pro- 
portion; therefore (by 5: 22) they will 
alſo be in the Proportion of Equality, as 

DI to DE, ſo Fh to Fl. But the Rariv of 


the Power to the Weight is as Db to DL; 


therefore as Fh to Fl, ſo is the Power to 
the Weighr. Now the Rætiv of Fh to Fl is 
compounded of the Ratiu of Fh to Ff, and 
the! Ratio of Ff to Fl. But as Fhiro Ff, ſo 
is the Perpendicular FH to tlle Hypdothe- 
nuſe FG. And as Ff to Fl, ſo is the Radiar 
to the Sine of the Angle Fl, which is the 
Complement of the Angle It equal to che 
Angle Ffp, the Angle which the Line of 
Direction makes with the Hyporhenufe. 
Therefore the Ratio of the Power to the 
Voight iscortipotinded; GM. 
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Hs MN parallel to HG. Then if ohs 
— of Direction be EM, PR to the 
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Fig. 75. 


rpendicutar FH, then the Line Fl, which 


is ſuppos d to be drawn from the Point F 
parallel to the Line of Direction, ſhall fall 
exactly upon the Line MEN. Wherefore 


the Ratio of the Power ro the Weight ſhalt 


be compounded, in this Caſe of the Rar 
of EN to FM, and FM te FEN; that is; 
the Power ſhaſl be "ONE equal to che 


oy Doan) 
4 H OL: 3-02 


If che Line of Direction, as DB. cog 
fider'd as tending from D to B 
perpendicular to, or make a right Aus 
with the Hy pothermſe FG, hem will the 
Complement bof that Angle vaniſh,” or be- 


come equal to nothing, the Point f (as 


may be ſeen in Fig. 76) falling upon the 
Pont D, and the Point l upon the Point 
E, the Line Fl vaniſhing alſo. Whence 
it follows; that the Ratio of the Power to 


the Weight ſhall be compounded of the 


Ratio's of FN to FD, and FD to Fl, that is, 


to nothing ; wherefore the Power thall be 


to the Weight, as FN to O. Which only 
ſhews, that it is not poſſible for any Weight 
to be fuſtain'd by a Power in that Directi- 
on upon an inclin'd Plane. For by the 
azbth Propoſition, the Abſolate Gravity of 


A Weight ro its Relative Gravity upon an 


n is as the Hypothertuſe * 
the 
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the Baſe. If therefore the Power in the 


Direction DB be to the Weight as DN to 
DF, then indeed the Preſſure of the Weight 


upon the Point D ſhall be quite deſtroy'd, 


but ſtill the Center E ſhall gravitate to- 


Hg. 75. 


wards M, according to the Remainder of 
its abſolute Gravity @: For that there will 


be ſome part remaining is evident, becauſe: 


(by 1: 19) the Hypothenuſe is longer than 
the Baſe@, which will cauſe it to ſlide on 
towards G. But if the Ratio of the Power 
to the Weight be leſs than that of DN to 
DF, the Weight will then ſo much the ra- 
ther deſcend towards G, becauſe there will 
be remaining a greater part of the abſo- 
lute Gravity than before. But if the Ratio 
of the Power to the Weight be greater 
than that of DN to DF, then will the 


Preſſur E of the Weight upon the Plane be 5 
overcome, and conſequently the Weight 


will be drawn away from the Plane by 


ſuch a Power, and move for the future in 


a Direction different from that of the Line 
FG. But if the Power be in the Line of 
Direction BD tending towards D, then it 
is evident, that be the Power never ſo lit- 
tle, or never ſo great, the Weight ſhall 
roll towards G; for in that Caſe the Line 
EL falling upon the Line ED, the Line 
DL vaniſhes. So the Power that ſuſtains 
the Weight muſt be to the Weight as DI 
to Nothing; that is, it muſt be infinitel 
greater than the Weight, which is as muc 
as to ſay, that no Power can ſuſtain it, or 
keep it from deſcending upon the Plane, it 


being very clear that no Force how great 


ſoever 


. vt — „ fo, yy yt > fon oh « wok. A, wo MF baud © A kk a@ers ' 
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ſoever tending towards the fix'd Point D 


can have any Influence or Effect upon the 
weight conceiv'd as at I, which only tends 


to move about that Point D as a Center. 


Send. XII. 


If che Line of Direction of the Power Fig. 75. 


be fE, the Angle fED being equal to 
DEM, then will alſo the Power be equal 
to the Weight, let fh be perpendicular 


to GH and Gl to Fl. We have already 
prov'd in Scholium 9, that the Power is 
to the Weight, as fh to fl. It remains 


no therefore to be proved, that in this 
Caſe fh is equal to fl. 


In the Triangles MED and fGh the 


Angles at D and h being both right, and 
becauſe of the Parallels fh and EM, the 
Angle at M being equal (by 1: 29) to the 


Angle at f, therefore the Triangle MED 
is ſimilar (by 1: 32) to the Triangle f Gh. 
But the Triangle MED is alſo ſimilar to 
the Triangle ED, the Angles at D cing | 


right, and the Angles at E being eq 
Therefore the Triangle FED is ſimilar to 


fGh. Further the Triangle fED is ſimilae 


to the Triangle fgl, the Angles at D and 


being right and the Angle at f common 
to both the Triangles. Therefore the 


Triangle fgl is ſimilar to the Triangle 


fGh, and becauſe the ſide fG is com- 5 


mon to both the Triangles, therefore 


(by 1: 26) fh is equal to fl. D. 
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Sen 07, RM, 
If the Line of Direction meets wich the 
Hypothenuſe in any Point between f and 
M, (except the Point D only, in which 
Caſe it is impoſſible for the Weight to be 
ſuſtain'd upon the Plane) the Power ſhall 
be greater than the Weight, and that ſo 
much greater, as the point of Concourſe 
is nearer to P on either fide. But if the 
Line of the Powers Direction meets with 
the Hypothenuſe between F and f, or be- 
tween G and M, then the Power ſhalt be 
leſs than the Weight, and that ſo much 
the leſs, as the Point of Concourſe is far- 
ther from f or M. All this is evident, be- 
. cauſe as the Ratio of the Power to the 
Weight is compounded of two other, ſo 
the firſt compounding Ratio, viz. the Rar 
of the Perpendicular to the Hyporhenuſe, 
is conſtantly the fame in all Inclinations 
of che Line of Direction to the Hypothe- 
ninfe. But the ſecond compounding Ratio, 
biz. that of Radius to the Sine-Comple- 
ment of the Angle containd between the 
Hypothenuſe and the Line of the Powers 
Dire&tion, always increaſes, as the Point 
of Concourſe is taken nearer to the Point 
D, becauſe the Complenient of the ſaid 
Angle thereby decreaſes. And ſince we 
have prov'd, that at the Points f 'and M, 
the compornded Ratio is a Ratio of Equali- 
ty; it follows, that if the Point of Concourſe 
be taken between f and F, or between G 
and M, one Ratio continuing the ſame and 
the other decreaſing, the compounded Ra- 
. 7 | tio 
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rio ſhall be Teſs than a Ratio of Equality; 
that is (by 5: 10) the Power ſhall be leſs 
than the Weight. Bur if the Point of Con- 
courſe be taken any where between f and 
M, except at D, then one Ratio continu- 
ing the ſame and the other increaſing, the 
compounded Ratio ſhalt be greater than a 
Ratio of Equality; that is (by 5: 10) the 


Power ſhall be greater than the Weight. 


Pxor. XXVI, after Coxol. 1 


SCHOLIUM. 


This laft Corollary may alſo be adapted 


to the comparing the Force of any Power 
apply d to a Lever at right Angles to the 


Force of the ſame Power apply'd ob- 


For let AB be a Lever with the Weight- 


A at one End, at the other End B; let a 


certain Power be apply'd firſt at right An- Fig. 2, 


gles in the Direction BD, and afterwards 
obliquely in the Direction BE, the Power 


ar Right Angles may be conſider d as the 


the preceding Corollary, ſtriking with its 
_ Whole Force upon the Point B of the Line 


AB: So likewife the Power obliquely ap- 


ply'd may be conſider'd as the Effect of the 
ſame moving Sphere ſtriking obliquely 
upon the fame Point B, and making the 


Angle of Inelination equal ro CBE, the 
Angle of Application. Now ſince the 

fect will be proportion d to the Cauſe, 
and ſince it is demonſtrated in the prece- 


ding Corollary, that the. whole Force of 
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the moving Sphere to the particular Force 
with which it ſtrikes obliquely upon any 
Point, is as Radius to the Sine of the An- 
gle of Inclination: It follows therefore, 
that the Force of a Power apply'd to a 
Machine at Right Angles is to the ſame 


Force obliquely apply d, as Radius to the 


Sine of Application. . Wo 

So likewiſe in any other Machines the 
Proportion of an oblique Power to the 
Weight ic ſuſtains, ſhall be found by com- 


pounding the Proportion expreſſing the 


Ratio of the perpendicular Power to the 
Weight, according to the Nature of the 
Machine, wich the Ratio of the Sine of 
Application to Radius, as will be evident 
\Treariſe ; from which 
it will appear, that all Mechanick Powers 
may be reduced to the Leyer. 


PRO. XXVIE Scholl. V. 
What we have demonſtrated concerning 
the Inclin'd Plane in our 9th Scholium 
upon the 23d Propoſition, may without 


* 


any Difficulty be accommodated to the 
Wedge, when the Power is applied to the 


Wedge in any Line of Direction not paral- 
lel to the Horizon, or to the Profile of 
that Plane which is conſidered as parallel 
to the Horizon. = 
For in this Caſe the Power ſhall be to 
the Weight or Force of Reſiſtance, in Rea- 
ſon compound of the Ratio of the perpen- 
dicular Height of the Wedge, to the Pro- 


| file of either of the Planes which form the 
dividing Angle; and the Ratio of Radius, 


to 
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to the Sine of the other Angle of the Wedge, 
adjacent to the Profile of the ſame Plain. 


Thus let FGH be the rectangular Section 


or Profile of a Wedge, to whoſe Plain FG 
a Power is applied in a Line of Direction 
parallel to FP. From the Point F draw 
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Fg perpendicular to FP, till it meets with Fig. 78. 


HG continued. in g. And now let FHg 
be conſider'd as the Profile of the Wedge 
to whole Plane the Power FG is applied 
at right Angles. I ſay, the Ratio of the 
Power to the Weight ſhall be compound- 
ed of the Ratio of FG, the perpendicular 
Height of the Wedge, to the Profile of 
eicher of the Planes which form the Angle 
Fig, (for Example, to HF;) and the Ra- 
tio of Radius to the Sine of the other adj 3 
cent Angle HFg. From H let fall HL, 
perpendicular to pF. From the gth Scho- 
lium of the 22d Propoſition it is evident, 
that the Power ſhall be to the Weight or 
Force of Reſiſtance, as FG to FL; that is, 
in a Ratio compounded of FG to FH, and 
of Radius to the Sine of the Angle PHIL. 
But LH and Fg being parallel, the Angle 
FH L (by 1: 29) ſhall be equal to its oppo- 
ſite alternate Angle HFg. Therefore the 
Ratio of the Power to the Weight or Force 
of Reſiſtance is compounded of FG to FH, 

and Radius ro the Sine of gFH. 


Prop. XXXIII. Coror. I. 
SCHOLIUM. 


The preceding Corollary ſeems to be 
intended to give us an Idea of Muſcular 
L 3 Motion, 
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Motion, and to ſhew us after what man- 
ner it may be perform'd with a ſmall Ad- 
dition of Animal Spirits convey'd into the 


Muſcle by the Nerve. In the Figure, AB 
| repreſents a Nerve; BCDE a Muſcle in 


its natural Situation; and the Change of 
the Rhomboid BCDE into the Rectangle 
BCFG repreſents the Action of the Muſ- 


cle, occahon'd by the flowing of the Ani- 


mal Spirits into it thro' the Nerve AB. 
Now it is evident from the foregoing Co- 
rollary, that a fmall Quantity of Animal 
Spirits flowing thro' the Nerve AB into 
BCDE, ſhall be as effe&ual to make the 
Muſcle act, and keep it extended, as a 
om Quantity would, coming with a 
Force equal to that of the former, thro? a 


Tube whoſe Diameter was equal to BG. 


Peor. XXXIV, Scnor. Il 


The Riſng and Falling of the Quick- 


ſilver in the Weather-Glaſs ex- 
plamed and accounted for. 


| INE what has been demonſtrated in 


A theſe Propoſitions ca tay 062A 
aticks, we may account for the ſuſpending, 
riſing and falling of the Quick-filver in the 


Barometer, or Weather. Glaſs. 


The Barometer is nothing but a Tube 
pf Glaſs about a Yard long, open at one 


End, at the other ſeal'd Hermetically, as 


they gall it, that is, perfectly clos d by a 


g 


A 
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Continuation of the Sides of the Tube. 


This Tube muſt be filld with Qui ck-ſilver, 


and plac'd perpendieulätly, the ſeabd End 
- upperinoft; and the open End fo near to 


the Bottom of ſoine Veſſel fer naderneath 


ir, that the lower End of the Tube may 
be immerg'd below the Surface of ſome 
other Quick- ſilver which muſt bs put into 
the Veſſel for that Purpoſe. This done, 
theſe three Things wilt follow: 


1 The Quick-ſilver wil remain ſuſ- 
e ded in the T en 2 . e 
| es. 


| abouts. | 
3. In fa Wichert the Quick. f filver will 
apt towards 30 Inches or thereabouts. 


Too account for this, we muſt obſerve 
theſe four Things: 


1. That the Atmoſphere, or Air, that 
furrounds the Earth gravitates with a cer- 
tain Force, according to the Quantity of 
Matter it contains, upon every thing thãt 
is in it. It is this very Gravity of che Air 
chat raiſes the Water in a Pump, by forcing 
it into the Pipe whieh is freed from char 
Gravity by being emptied of Air upon the 
Motion of the Sucker. And it is found 
by Experience, that the Force of this Ling 
vity is equivalent to no more than From 
or 420 Inches in Height at mo 
will the Greatneſs or Swallnef of the Bi- 
meter make any Alteration oy” Coroll. I. 


Prop. 
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2. That the Air in rainy Weather is light 
and chin, which indeed is the Cauſe of 
Rain. Por the Air being light (ſays 
Dr. Halley, Miſc. Curioſ. Vol. 1.) the Va- 
F pours are no longer ſupported thereby, 
F s being become ſpecifically heavier than 
i the Medium wherein they ſwim ; fo 
a that they deſcend towards the Earth, 
and in their Fall meeting with other 
aqueous Particles, they incorporate to- 
e gether, and form little Drops of Rain. 
3. Thar in fair Weather the Air is hea- 
vy and condens'd, which keeps the Va- 
pours a- float, and hinders em from ſubfi- 
ding towards the Earth. And 
4. That Quick-filver is about fourteen 
times heayier than the like Quantity of 
Theſe Things ſuppos'd, i follows in the 
firſt Place (from the firſt Corollary of 
Prop. 33.) that the Quick: ſilver in the 
Tube preſſes the whole Bottom of the 
Veſſel. according to the Height of the 
Quick: ſilver in the Tube; and that the 
hole Bottom of the Veſſel i; allo preſſed 
again by the Weight of the Air incumbent 
upon the Surface of the Quick ſilver in the 
Veſſel. Nov if the Force with which the 
Quick: ſilver in the Tube tends towards the 
Bottom, be greater than the Force with 
Which the Surface of the Quick-ſilver in 
the Veſſel tends towards the Bottom, then 
the Quick-filyer in the Tube ſhall overcome 
the rival Force, and actually deſcend by 
flowing out of the Tube into the Veſſel. 
But it is evident, that the Weight of the 


Quick. ſilver in the Tube is at firſt equiva- 
lent (by our fourth Obſervation) to the 
Weight of fourteen times 36 Inches (or 
504 Inches in Height of Water. But the 
Gravity of the Air, by our firſt Obſerva- 
tion, can ſuſtain but 420 Inches Height of 

Water. The Quick-filver in the Tube 

therefore muſt deſcend at leaſt till it comes 

to 30 Inches, (becauſe 3o times 14 is 420) 

and leave ſix Inches towards the Top per- 

fectly void both of Air and Quick-ſilver. 

Thus it will be when the Air is condens'd 

in fair Weather: But in rainy Weather, 
by our ſecond Obſervation, the Gravity 

of the Air is diminiſh'd, which will cauſe 

a proportionable Quantity more of the 
Quick. ſilver in the Tube to flow out into 
the Veſſel; and ſo it will deſcend towards 
28 Inches, which is obſerv'd to anſwer to 
the greateſt Levity of the Atmoſphere. 

Again, when the Weather clears up, and 

the Air grows heavier, then the Preſſure 
of the Surface ſhall become equal to that 
of 420 Inches of Water, as before: But the 
Quick: ſilver in the Tube being now fallen 
below 30 Inches, therefore (by the 29th 

Propoſition) its Force to deſcend ſhall be 
leſs than that of 420 Inches of Water. The 
Surface therefore of the Quick-filver in the 

Veſſel, having the greateſt Force, ſhall 
actually deſcend ; which it cannot do 
without cauſing the Quick - ſilver in the 
Tube to aſcend towards 30 Inches (an- 

ſwerable to the greateſt Condenſation of 
the Air) by forcing into it ſome of that 
which was in the Veſſel. Thus does the 
. wo Height 
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Height of the Quick - ſilrer in the Tube 


þ forevell the Alteration of Weather, becauſe 


it ſhews ns the proportiohable Gtavity of 


whe: * which rhe Cauſe of that Alte- 


0e things father chere att: which 


fin to be remark d upon this Subjekt. 
Tze firſt is, That if the Veſſel under the 
dude b de fo exacly éverd, that the Air 


Coftflit ind within it as no manner of Com- 
mihication with the external Air, then 
the Quiek-ſilver- ſhalt indeed remahn ful 


ended in the Tube at ſich à Height 38 


nſwors co the preſent Temper 6f the Ait, 
ic ſhall ſtand eonflantly at that Height 
— Variation upon Ohahge © of 
Weather. That it will remain ſuſpende 

will be evident, if we conſider that the 


| Bays Cover of 'the Veſſel by which the 


' of the incumbent Air is inter- 
cepted, ſerves atfo to preferve the reviſe 


Air in the ſame Conditi it Was in be- 


fore che Veſſet was cbver d. For it is cer- 


_ edi; chat as before the Veel was cover d, 


dhe Air in the Veſſbi was preſs d by the iri- 


cumbent Air to 4 ceeltain Degree accor- 


ding to the preſent Temper of its Gravity, 
0 — 4 ingumbent Air was alſo preſs d in 


we fats Degree by the Reaction or Re- 


funde of the Air in the Veſſel. But it 


N very plain, that with whatſoever Force 
che Air in the Veſtel did at firft prefs the 
external ncambent Air, with the very 


- ſame Forces ir-afrerwirds preſſes the-infide 
| ef che Cover, which hinders its expanding 
| 1 i ee as efe@ually as the Gravirea- 


tion 


tion of the Atmeſphere did before. Now 
wittr whatſoever Force the included Ait 


sche inſide: of che Cover, with the 
ame Force the inſide of the Cover preſſes 
the included Air. It follows: therefore, 
chat the Surface of the Quick-filver' is 
preffed afrer ir is cover'd, by the fame 
Force that it was before, and conſequent 
by ſhall produce exactly the fare Effect, 
_ as to the faſpending the Quick-filver in 
rhe Tube, which cannot poſſibly deſcend 
wirhout th the impriſomd Air into 
a eſs Compafs, and ſo inereaſing its Pref. 
ſure upon the Surface of the Quick-fver 
is the Veſſel, and at che fame time dimvi- 
niſhiag both the Quantity and the Preſſure 
of the Quick-filver in the Tube, which 
muſt cauſe it to aſtend again to irs former 
| Height, | 
And chat it will conftamiy ſtand ar chat 
Height notwithſtanding any Alxeration of 
Weather, is evident, becauſe af manner of 
Communication is pos d to be cut off 
between the included and the external 
Air, whereby the former is kept from par- 
taking of thoſe Changes and Alterarions 
which happen to the later.. 
Another thing to be obſerved is, That 
| cho che Veſſel be coverd, yet if | by means 
of ſome Hole or Crevice, tho' never fo 
ſſmall; a free Communication is-preſerv'd 
| between the external Air and the Air in 
che Veſſel, then the Quick-filver in rhe 
| Tube ſhall not only remain ſuſpended, hut 
| ſhall alſo riſe and fall as the Weather 
changes, as regularly as if the Veſſel _ 
3 al le 
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left quite open. This ſo plainly follows 
from the 33d Propoſition and its firſt Co- 
rollary, that we need not ſay any thing 
erden i. 
But the laſt thing to be remark'd is this, 
That ſince the Preſſure of Liquor (by Prop. 
31. Corol. 1.) is equal at the ſame perpen- 
dicular Height in an inclin'd Tube and in 
a perpendicular Tube, therefore it follows, 
that if inſtead of placing the Weather- glaſs 
perpendicular, as we have hitherto ſup- 
pos d, it ſhould be ſet inclined, to the Ho- 
rizon, the ſuſpended Quick-filver will take 


up a greater Length in the inclin'd Tube 


than in the perpendicular one, as the Hy- 
pothenuſe is always longer than the per- 
pendicular; and the Difference of Height 
upon Change of Weather will alſo be ſo 
much the greater, as any Part of the Hy- 
.pothenuſe is greater than its proportional 


Part in the Perpendicular. Thus for In- 
Nance, If in rainy Weather the Quick- ſilver 
in the perpendicular Tube AB falls from 


A to b, A the ſame time in the inclin'd 
Tube CD it ſhall fall from e to d. Upon 


this Principle a Weather Glaſs may be 


fram'd, which ſhall ſigniſie the ſmalleſt 
Alterations in the Weather, by an Altera- 
tion in its Height as large and ſenſible as 
we pleaſe. For by lengthening the Tube 
CD, and leſſening the Angle CDB, the 


Part in the inclin d Tube aſwering to ab 


in the perpendicular Tube, may be aug- 
mented as much as one pleaſe. 
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BOOK L 


| Prop. 
F two Triangles have oy Sides equal, each 
to the other reſpeftively, and the Angles 
a, form'd by thoſe two Sides, equal; their 
_ and other Angles will be equal. 
| Prop. 6. 


if two Angles of a Triangle be equal, the 


Triangle will be an Iſoſceles. 
Prop. 15. 
If two Right Lines cut each other, the oppo- 
ſite Angles at the Top will be equal. 
Prop. 18. 


In every Triangle whatſoever, the greateſt 


Side is oppoſite to the greateſt Angle. 
Prop. 1 
In every Triangle, the greanft 4 is op- 
pox 'd to the greateſt Side. 
| n Prop, 
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— referr'd to in Euclid, 


Prop. 26. | 
3 Ng to thoſe of another Triangle, tis equal 


to it in all Reſpects. 
Prop. 29. 

F a Line. ct two Paraſel Tines, the Alter- 
nate Angles will be equal; the External Angte 
will be equal to 8 Internal oppoſite Angle; 
and the two Internal Angles on the Js ſide 
willbe equal ito two Right Angles. 
Prop. 32. | 

The External Angle of 4 Triangle is 97 
to both the "ans oppoſite Angles taken 9 
they ;, -apd all there hrte Angles f 4 . angle 
are equa to two Right Angles. . 


BOOK III. 


Prop. 18. 
A Line from the Dad of a Circle to the 


Point where a Right Line touches mY 55 1 1 92 
dren ar- g a Line. : 


BOOK V. 


EDD... 3 
If there be a number of Magnitudes how many 
ſoever, Equimultiples to a like number of Mag- 
nitudes, each to other; hom Multiple one Ma 
tude is one, ſo Multiples are all the Magnitudes 
to al the other Magnitudes. 


, Erop. LY 


SS <2 © 


p tes t to „ the Ta | 


Prop. g. 
Quuantities that have the ſame Proportion to 


| another Quantity, or to which another Quantity 


bas the ſame — ars e qual. Prop. 


S 


— referr'd to in Eaclik, 


Prop. 0. 

The Quamity that has the greater Propereton 
to another, is the greater Quantity; and that 
the leſſer, to which that other 8 e 5 
g. Proportion. | 


Prop. I. e ee 
7 Proportions that are equal to ae * 5 
fo equal amongſt phomfelnes, 
5 A 
of two equal Proportion: one is greater 
than a wird, Xe 2555 ſo * 
Prop. 15. 
Equimultiples, and ſimilar Ali quot Parts, ave 
in the ſame Proportion. 
Prop. 16. 
If four Magnitudes of the ſame Kind be ro- 
n they will be alſo alternatively ſo. 


Prop. 17 


If compounded Ouantities be 0 ortional, ls 
will be ſo hewiſe, * Gaviddd. ; * 


©"? 
Wi, Quantities . — divided, be proportiong- 
ble, they will be fo likewiſe when compounded, 
„„ 
If divers Terms be prapos'd, 484 an equal 
Number of others compar'd with em, ſo that 
thoſe which anſmer to each other in the ſame 


Order be proportional; the Firſts arid the Laſis 
will be 30 proportional, 


BOOK VI. 


Prop. 2. 
ine drawn. in 4 Triangle parallel to its 
Baſe, divides ts; fi 2 propartiona ly. 7 * * 


— Latter ror; 
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Propoſitions referr'd to in Euclid. 
Line that divides the Sides of a Triangle pro- 


eg, will be parallel. to its os. 


Prop. 3. 

4 Line that divides an Angle of. A men! 
into two equal Parts, divides its Baſe into two 
Parts which have the ſame Proportion as the 
Sides. And if it divide the Baſe into two Parts 
proportional to the Sides, it will divide he An- 


ge into two equal Parts. 


Prop. 4- 
The Sides of W Tri angles are pi 
e 
Tri Ales which Cord Proper end | Sides, are 
* angular, 
Prop. 8. 


A Perpendi = drawn from the right Angle 
of a rettangular Triangle to the oppoſite Side, 
divides the Triangle into o . of ilar 
70 it. 

Prop. 20. 

Similar Polygons may be divided into an equal 
Number of Triangles, and aré in the duplicate 
Proportion of their homologous r 


BOOK XII. 1 


Prop. 2. 
Circles are in the ſame Proportion as the 
Squares of their Diameter, 
8 Prop. 11. 
Cylinders and Conts of the ſame und are 
in the ſame Proportion as their Baſes, 
Prop. 14. 
Cylinders and Cones having the 7 Baſes, 
are in the ſens Aer“ As their Heights, ” 
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Of the Lever 1 
Of the Pully r 
Of the Wheel and Axel | 76 
Of the Inclimd Plane f 86 
Of the Wedge 111. 
Of the Screw 5 | 115. 


f Hydroftaticks : Or, The Lans ef the 
| 2 of Fluids. 2 . 
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To Prop. 27. 
To Prop. 33. 
Ii Riſing ad Fling of ; 
in the N eather-glaſs explain 

| counted > _- 150. 
The Propoſitions is Euclid "on 12 
"The foregoing Treatiſe 4 


FEST joy MA LAND er en 
* 7 7 + —_— & 8. 
| r ARS as 

. . 


7 N * 
A k 4+ e 39 dQ & 


WP 
„ 
a * 


* 9 * WT 888 

5 "Re Ix 6 #4 : PLIERS 7% ” 

ht £4 . : 7 «PA * 

n — BR 
8 d * 


* 


rr 1 FIC ED a 


* —— 
. 3 * . 31 2 
Xe . 1 od 2 


3 


FPV 


Va _—_— 


e 
. 


1 r 


. 
Prod dd. kt BY, 


* 


ui 


" 
—_ 
N“ RE 


a; nr en „ 88 * 
> 


* 
<V 


1 2 a » 


. 


. 
* OR a K * 7 
* 2 
— —— 
= 5 


. 


P 
9 4 " | - | a | 
8 : 

ex : 
7 


om 


r vols 5 vu" — *** 4 r 


i 


— 


. £ J Wo * 5 5 
e, e ang >, cage ado gt gigs tb net 


* 7 - W -$£228 a 


n 6 wal 


